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© 7-AcylamInocephalosporanIc add derivatives and processes for the preparation thereof. 

© 7-Acylaminocephalosporanic add derivatives of the for- 
mula 

C-C0MH — 5 *— » 5 
I 

H 0 



(1) 



wherein 

R 1 is amino or protected amino, 

R 2 is carboxy(lower) alkyl, protected carboxy- 
(lower)alkyl, carboxy(lower)alkenyl, protected carboxy- 
(lower)alkenyl, or lower unsaturated aliphatic hydrocarbon, 

R 3 is hydrogen, halogen, methyl, lower atkoxy, lower 
alkylthiomethyl, lower atkanoyloxymethyl or a heterocydic- 
thiomethyl which may have suitable substituentfs), 

R* is carboxy or protected carboxy, 

R & is hydrogen or lower alkyl. and 

X is halogen, 

provided that when R 3 is lower alkanoyloxymethyl, then R 2 is 



lower unsaturated aliphatic hydrocarbon, and pharmaceuti- 
cally acceptable salts thereof, and process for their prepara- 
tion, and also a pharmaceutical composition comprising, as 
an effective ingredient, the above compound in association 
with a pharmaceuticalfy acceptable, substantially non toxic 
carrier or exipient The invention also relates to the starting 
compounds 

M C-Y 

a 

N 

and their preparation. 
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• 1 - 

7 - ACYLAMINOCEPHALOSPORANI C ACID 
DERIVATIVES AND PROCESSES FOR 
THE PREPARATION THEREOF 



The present invention relates to novel 7- 
acylaminocephalosporanic acid derivatives and 
pharmaceutically acceptable salts thereof , 

More particularly , it relates to novel 7- 
acylaminocephalosporanic acid derivatives and 
pharmaceutically acceptable salt thereof, which have 
antimicrobial activity, to processes for the prepara- 
tion thereof, to a pharmaceutical composition compris- 
ing the same, and to a method of using the same thera- 
peutically in the treatment of infectious diseases in 
human being and animals » 

Accordingly, one object of the present invention 
is to provide novel 7-acylaminocephalosporanic 
acid derivatives and pharmaceutically acceptable 
salts thereof, which are highly active against a 
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number of pathogenic microorganisms and are useful 
as antimicrobial agents. 

Another object of the present invention is to 
provide processes for the preparation of novel 7- 
acylaminocephalosporanic acid derivatives and salts 

thereof. 

A further object of the present invention is to ' 
provide a pharmaceutical composition comprising, as 
active ingredients, said 7-acylaminocephalosporanic 
acid derivatives and pharmaceutically acceptable salts 
thereof.. 

Still further object of the present invention is 
to provide a method of using said 7-acylaminocephalo- 
sporanic acid derivatives and pharmaceutically 
acceptable salts thereof, in the treatment of infectious 
diseases by pathogenic- microorganisms in human being 
and animals. 

The object 7-acylaminocephalosporanic acid deriva- 
tives are novel and can be represented by the following 
general formula : 

N"-^ C-CONH-r— < S V- rS 

0-R* R 

wherein R 1 is amino or protected amino, 

R 2 is carboxy (lower) alkyl, protected carboxy- 
(lower) alkyl, carboxy (lower) alkenyl r 
pro tec ted carboxy ( lower) alkenyl , 
or lower unsaturated aliphatic 
hydrocarbon, 
R 3 is hydrogen, halogen, methyl, lower alkoxy, 
lower alkyl thiomethyl, lower alkanoyloxy- 
methyl or a heterocyclicthiomethyl which 



» 
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may have suitable substitueutCs) , 

R 4 is carboxy or protected carboxjr, 

R S is hydrogen or lower alkyl, and 

. X is halogen, 

S provided that when R J is lower alkanoyloxymethyl, 

then R 2 is lower unsaturated aliphatic hydrocarbon. 

In the object compounds (I) and the corresponding 

starting compound (III) in Process 1 mentioned below, 

it is to be understood that there may be one or more 

1Q stereoisomers pair(s) such as optical and geometrical 

isomers due to asymmetric carbon atom and double bond 

in those molecules and such isomers are also included 

within the scope of the present invention* 

With regard to geometrical isomers in the object 

IS compounds and the starting compounds, it is to be noted 

that, for example, the object compounds include syn 

isomer, anti isomer and a mixture thereof, and the syn 

isomer means one geometrical isomer having the partial 

structure represented by the following formula : 

2 

20 -C-CO- , wherein R* is as defined above, 

n 2 
N-O-R* 

and the anti isomer means the other geometrical isomer 

. having the partial structure represented by the 

following formula : 

25 -C-CO- , wherein R 2 is as defined above. 

2 » 
R*-0-N 

Regarding the other object and starting compound 
as mentioned above, the syn isomer and the anti isomer 
can also be referred to the same geometrical isomers 
30 as illustrated for the compounds (I) . 

Suitable pharmaceutically acceptable salts of the 
object compounds (I) are conventional non- toxic salts 
and may include a salt with a base or an acid addition 
salt such as a salt with an inorganic base, for example, 
35 an alkali metal salt (e.g. sodium salt, potassium salt, 



BAD ORIGINAL Jjfl 



- 4 - 



0055465 



etc.), an alkaline earth metal salt (e.g. calcium salt, 
magnesium salt, etc.), an ammonium salt; a salt with 
an organic base, for example, an organic amine salt 
(e.g. trie thy lamine salt, pyridine salt, picoline salt, 
ethlnol amine salt, triethanolamine salt, dicyclohexyl- 
amWsalt, M' -dibenzylethylenediamine salt, etc.) . 
etc.; an inorganic acid addition salt (e.g. hydro- 
chloride, hydrobromide, sulfate, phosphate, etc.); 
an organic carboxylic or sulfonic acid addition salt 
(e.g. formate, acetate, trifluoro acetate, maleate, 
tartrate, me thane sulfonate, benzene sulfonate, 
p-toluenesulfonate, etc.); a salt with a basic or acidic 
amino acid (e.g. arginine, aspartic acid, glutamic 
acid, etc.) ; an intermolecular or intramolecular 
quaternary salt, and the like- 

According to the present invention, the object 
compounds (I) and the pharmaceutical^ acceptable 
salts thereof can be prepared by the processes as 
illustrated by the following reaction schemes. 



Process 1 : 



N 
* 2 

o-ir 



»3 the'carbaxy ~ X N 0 "^f 

° group or a' salt $ - u 4. 



R 



3 



4 thereof q-R R 



cm 

ot its reactive 
derivative at the 
amino group or a 
salt thereof 



CD 

or a salt thereof 



0055465 



Process 2 



) , \ the amino- > 2 _4 

0-R* protective 0_R R 

(la) S 100 ? *a (lb) ■ 

or a salt thereof or a salt thereof 

Process S : 

^_ R 2 R protective R 4 

a group ia R„ 

a . 

(Ic) (Id) 
or a salt thereof or la. salt thereof 

Process 4 : * 



X V 0 1 the carboy- x N 0 ^ T 

0-R* £ PWtective^ >_ r2 ODCH 

group in R 

(Ie) Clf) 
or a salt thereof or a salt thereof 

in which R 1 , R 2 , R* 5 , R* f R S and X are each as 

defined above, 

R* is protected amino , * 
2 

K is protected carboxy (lower) alky 1 or protected 
carboxy (lower) alkenyl f 
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R* is carboxy (lower) alkyl or carboxy (lower) - 

alkenyl, and 
R* is protected carboxy. 
Some ox the starting compounds (III) are novel 
and can be prepared, for example, from the known 
compounds of the methods in*the following processes. 

Process (i) : 

^->c, »~sg- Alrr 

5 N N 

" * x s 2 

0-R 2 0-R Z 

(iv) (ma) 

or a salt thereof * or a salt thereof 

Process (ii) : 

kMvsX or a salt thereof R ^sX ■ 
5 X X N 

0-R 2 

(V) Cilia) 
or a salt thereof or a salt thereof 

Process (iii) 

X N * N 

S 2 * 2 

0-R 0-R* 

(Illb) dllc) 
or a salt thereof ot a salt thereof 



in which R , R and X are each as defined above, 
Y is carboxy or protected carboxy, 
R* is lower alkanoylamino, and 

R 1 is trihalo (lower) alkanoylamino . 
c 

In the above and subsequent description of the 
present specification,- suitable examples and 
illustration of the various definitions to be 
included within the scope thereof are explained in 
detail as follows* 

The term "lower" in the present specification 
is intended 'to mean a group having 1 to 6 carbon 
atoms T unless otherwise indicated- 
Suitable "lower alkyl" and "lower alkyl" 
moiety in the terms "carboxy (.lower) alkyl" , 
"protected carboxy (lower) alkyl" and "lower 
alkylthiomethyl" may inciude straitht or branched 
one such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, pentyi, isopentyl, neopentyl, hexyl and 
the like, in which the preferred one is (C 1 «C 4 )- 
alkyl. 

Suitable "carboxy (lower) alkyl" may include 
carboxymethyl, 1-carboxyethyl, 2 -carboxy ethyl, 
1-carboxypropyl, 1- car boxyp ropy 1 , 3-carboxypropyl r 
1-carboxybutyl, 2-carboxybutyl, 3-carboxybutyl, 
4-carboxybutyl, 5-carboxypentyl, 6-carboxyhexyl and 
the like, ia which the preferred one is carboxy ((^-C^) 
alkyl. 

Suitable "lower alkenyl" moiety in the terms 
"carboxy (lower) alkenyl" and "protected carboxy (lower) - 
alkenyl" may include straight or branched one such 
as vinyl, 1-propenyl, allyl, l-(or 2- or 3-)butenyl, * 
l-(or 2* or 3- or *-)pentenyl, l-(or 2- or 3- or 4- 
or S-)hexenyl, 2-methyl-2-propenyl and the like, in 
which the preferred one is (C 2 -C s ) alkenyl. 



Suitable carboxy (lower) alkenyl may include 

1- carboxyvinyl, 2-carboxyvinyl, 1-carboxy-l-propenyl, 

2 - carboxy - 1 -propenyl, 3 -carboxy - 1 -propenyl , 
1-carboxyallyl, 2-carboxyallyl, 3-carboxyallyl, 

4- carboxy-l-(or 2 or 3-)butenyl, 5 -carboxy- 1- (or 2 
or 3 or 4-)pentenyl, 6-carb<5ky-l- (or 2 or 3 or 4 or 

5- )hexenyl,. 3-carboxy-2-methyl-2-propenyl and the 
like, in which the preferred one is carboxy (C 2 -C s ) - 
alkenyl. 

Suitable "protected carboxy'* and "protected 
carboxy" moiety in the terms "protected carboxy- 
(lower) alkyl" and "protected carboxy (lower) alkenyl" 
may include an esterified carboxy and the like. 

Suitable "esterified carboxy" may include 
lower alkyl ester (.e.g. methyl ester, ethyl ester, 
propyl ester, isopropyl ester, butyl ester, isobutyl 
ester, t-butyl ester, pentyl ester, terr-pentyl ester, 
hexyl ester, etc.) , lower alkenyl ester (e.g. vinyl • 
ester, allyl ester, etc.), lower alkynyl ester 
(e.g. ethynyl ester, propynyl ester, etc.), lower 
alkoxy (lower) alkyl ester (e.g. methoxymethyl ester, 
ethoxymethyl ester, isopropoxymethyl ester, 1- 
methoxyethyl ester, 1-ethoxyethyl ester, etc.) , lower 
alkyl thio (lower) alkyl ester (e.g. methyl thiomethyl 
ester, ethylthiomethyl ester, ethylthioethyl ester 
isopropyl thiomethyl ester, etc.), mono (or di or tri)- 
halo (lower) alkyl ester (e.g. 2-iodoethyl ester, 
2,2,2-trichloroethyl ester, etc.), lower alkanoyloxy- 
(lower) alkyl ester (e.g. acetoxymethyl ester, 
propionyloxymethyl ester, butyryloxymethyl ester, 
isobutyryloxymethyl ester, valeryloxymethyl ester, 
pivaloyloxymethyl ester, hexanoyloxymethyl ester, 
2-acetoxyethyl ester, 2-propionyloxyethyl ester, 
1-acetoxypropyl ester, etc), lower alkanesulfonyl- 
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10 



(lower) alkyl ester (e.g. mesylmethyl ester, 2-mesyl- 
ethyl ester, etc.), ar (lower) alkyl ester which may 
have one or more substituent(s) such as mono (or di 
or tri) phenyl (lower) alkyl ester which may have one 
or more suitable substituent(s) (e.g. benzyl ester, 
4-methoxybenzyl ester, 4-nitrobenzyl ester, 
phenethyl ester, benzhydryl ester, trityl ester, 
bis (me thoxyphenyl) methyl ester, 3,4-dimethoxybenzyl 
ester, 4-hydroxy-3,5-di-t-butylbenzyl ester, etc.), 
aryl ester which may have one or more suitable 
substituents (e.g. phenyl ester, tolyl ester, 
tert-butylphenyl ester, xylyl ester, mesityl ester, 
cumenyl ester, salicyl ester, etc.), heterocyclic 
ester (e.g. phthalidyl ester, etc.), and the like. 
15 Suitable "lower unsaturated aliphatic hydrocarbon" 

may include lower alkenyl as exemplified above, 

cyelo( lower) alkyl (e.g. cyclopropenyl , 
cyclobutenyl, cyclopentenyl , cyclohexeny 1 , cycloheptenyl, 
etc.), in which the preferred one is (C 5 -C 6 )cycloalkenyl; 
20 lower alkynyl (e.g. propargyl, 2-(or 3-)butynyl, 2-(or 

3- or 4-)pentynyl, 2-(or 3- or 4-or S-)hexynyl, etc.), in 
which the preferred one is (C 2 -C s ) alkynyl; and the like. 

Suitable "protected amino" group may include an 
amino group substituted by a conventional amino- 
25 protective group which is used in penicillin and 

cephalosporin compounds, for example, acyl as 
mentioned below, ar (lower) alkyl such as mono- (or di 
or tri) phenyl (lower) alkyl (e.g. benzyl, benzhydryl, 
trityl, etc.), lower alkoxycarbonyl (lower) alkyl idene 
or its enamine tautomer (e.g. 1-methoxycarbonyl-l- 
propen-2-yl, etc.), di (lower) alky laminome thy lene 
(e.g. dime thy laminomethylene , etc.), etc. 

Suitable "acyl" may include an aliphatic acyl, 
an aromatic acyl, a heterocyclic acyl and an aliphatic 
acyl substituted with aromatic or heterocyclic group (s). 



30 



35 
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The aliphatic acyl may include saturated or 
unsaturated, acyclic or cyclic ones, such as lower 
alkanoyl (e.g. formyl, acetyl, propionyl, butyryl, 
isobutyryl, valeryl, isovaleryl, pivaloyl, hexanoyl, 
etc.), lower alkanesulfonyl (e.g. mesyl, ethanesulfonyl, 
propanesulfonyl, etc.), Iowa*- alkoxycarbonyl (e.g. 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, 
butoxycarbonyl, tert-butoxycarbonyl, etc.), lower 
alkenoyl acryloyl, methacryloyl, crotonoyl, etc.) , 

(Cj-C 7 ) -cycloalkanecarbonyl (e.g. (cyclohexane- 
carbonyl, etc.), amidino, and the like. 

The aromatic acyl may include aroyl (e.g. benzoyl, 
toluoyl, xyloyl, etc.), arenesulfonyl (e.g. benzene- 
sulfonyl, tosyl, etc.), and the like. 

The heterocyclic acyl may include heterocyclic- 
carbonyl (e.g. furoyl, thenoyl, nicotinoyl, isonicoti- 
noyl, thiazfflylcarbonyl, thiadiazolylcarbonyl, 
tetrazolylcarbonyl, etc.), and the like. 

The aliphatic acyl substituted with aromatic group (s) 
may include ar (lower) alkanoyl such as phenyl (lower) - 
alkanoyl (e.g. phenylacetyl, phenylpropionyl, phenyl- 
hexanoyl, etc.), ar (lower) alkoxycarbonyl such as 
phenyl (lower) alkoxycarbonyl (e.g. benzyloxycarbonyl , 
phenethyloxycarbonyl, etc.) , phenoxy (lower) alkanoyl 
(e.g. phenoxyacetyl, phenoxypropionyl, etc.), and the 
like. 

The aliphatic acyl substituted with heterocyclic 
group (s) may include thienylacetyl, imidazolylacetyl, 
furylacetyl, tetrazolylacetyl, thiazolylacetyl, 
thiadiazolylacetyl, thienylpropionyl, thiadiazolyl- 
propionyl, and the like. 

These acyl groups may be further substituted with 
one or more suitable substituents such as lower alkyl 
(e.g. methyl, ethyl, propyl, isopropyl, butyl, pentyl, 
hexyl, etc.), halogen (e.g. chlorine, bromine, iodine, 
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fluorine), lower alkoxy (.e.g. methoxy, ethoxy, propoxy, 
isopropoxy, butoxy, pentyloxy, hexyloxy, etc,), lower 
alkylthio (e.g. methylthio, ethylthio, propyl thio, 
isopropylthio, butylthio, pentylthio, hexylthio, etc,), 
nitro and the like, and preferable acyl having such 
substituent(s) may be mono - for di or tri) halo ( lower ) - 

0 

alkanoyl (e.g. chloro acetyl, bromoacetyl, dichloro- 
acetyl, trifluoroacetyl, etc.)* mono -(or di or tri)- 
halo (lower) alkoxycarbonyl (e.g. chloromethoxycarbonyl, 
dichloromethoxycarbonyl , 2,2, 2-tri-chloroe thoxycarbonyl , 
etc.), nitro (or halo or lower alkoxy) phenyl (lower) - 
alkoxycarbonyl (e.g. nitrobenzyloxycarbonyl, 
chlorobenzyloxycarbonyl , me thoxybenzyloxycarbonyl , 
etc.), and the like. 

Suitable "halogen" may include chlorine, iodine, 
bromine and fluorine. 

Suitable "lower alkoxy" may include methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, pentyloxy, 
hexyloxy and the like, and preferably methoxy. 

Suitable "lower alkylthiomethyl" may include 
methylthiomethyl, ethylthiomethyl, propylthiomethyl, 
isobutylthiomethyl, pentylthiomethyl, hexylthiomethyl 
and the like, in which the preferred one is (C^-C^)- 
alkylthiomethyl. 

Suitable "lower alkanoyl" moiety in the term 
"lower alkanoyloxymetbyl" may include formyl, acetyl, 
propionyl, butyryl, isobutyryl, valeryl, isovaleryl, 
pivaloyl, hexanoyl and the like, in which the 
preferred one is acetyls 

Suitable "heterocyclic group in the term 
"heterocyclicthiomethyl" which may have suitable 
substituent(s)* may include saturated or unsaturated, 
monocyclic or polycyclic heterocyclic group containing 
at least one hetero-atom such as an oxygen, sulfur, 
nitrogen atom, and the like. 
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And, especially preferable heterocyclic group may be 
heterocyclic group such as 

unsaturated 3 to 8-membered(more preferably 5 
to 6-membered)heteromonocyclic group containing 1 
to 4 nitrogen atom(s) , for example, pyrrolyl, 
pyrrolinyl, imidazolyl, pyrajolyl, pyridyl and its 
N- oxide, dihydropyridyl , pyrimidinyl, pyrazinyl, 
pyridazinyl, triazolyl (e.g. 4H-1, 2, 4 -triazolyl, 
lH-l,2,3-triazolyl, 2H-l,2,3-triazolyl, etc.) , 
tetrazolyl (e.g. lH-tetrazolyl, 2H-tetrazolyl, etc.) > 
triazinyl (e.g. 2,5-dihydro-l,2 t 4-triazinyl, 1,2,4- 
triazinyl, etc.), etc.; 

saturated 3 to 8-membered(more preferably S or 
6-membered)heteromonocyclic group containing 1 to 4 
nitrogen atomCs) , for example, pyrrolidiny 1 , 
imidazolidinyl, piperidino, piperazinyl, etc.; 

unsaturated condensed heterocyclic group 
containing 1 to 4 nitrogen atom(s), for example, 
indolyl, isoindolyl, indolizinyl/ benzimidazolyl, 
quinolyl, isoquinolyl, indazolyl, benzo triazolyl, 
etc.; 

unsaturated 3 to 8-membered(more preferably 5 or 

5- membered)heteromouocyclic group containing 1 to Z- 
oxygen atom(s) and 1 to 3 nitrogen atom(s) , for 
example, oxazolyl, isoxazolyl, oxadiazolyl (e.g. 
1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,S- 
oxadiazolyl, etc.), etc.; 

saturated 3 to 8-membered(more preferably 5 or 

6- membered)heteromonocyclic group containing 1 to 2 
oxygen atom(s) and 1 to 3 nitrogen atom(s) , for 
example, morpholinyl, sydnonyl, etc.; 

unsaturated condensed heterocyclic group containing 
1 to 2 oxygen atom(s) and 1 to 3 nitrogen atom(s) , 
for example, benzoxazolyl , benzoxadiazolyl, etc.; 

unsaturated 3 to 8 -membered(more preferably S or 
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6 -membered) heteromonocyclic group containing 1 to 
2 sulfur atom(s) and 1 to 3 nitrogen atom(s) , for 
example, thiazolyl, isothiazolyl, thiadiazolyl 
(e.g. 1,2, 3- thiadiazolyl, 1,2 ,4- thiadiazolyl, 1,3,4- 
thiadiazolyl, 1,2 ,5- thiadiazolyl , etc.), 
dihydrothiazinyl, etc. 

saturated 3 to 8 -membered (more preferably 5 or 
6 -membered) heteromonocyclic group containing 1 to 
2 sulfur atom(s) and 1 to 3 nitrogen atom(s) , for 
example, thiazolidinyl, etc.; 

unsaturated 3 to 8-membered (more preferably 5 
or 6-membered) heteromonocyclic group containing 1 
to 2 sulfur atom(s) , for example, thienyl, dihydro- 
dithixnyl, etc.; 

unsaturated condensed heterocyclic group containing 
1 to 2 sulfur atom(s) and 1 to 3 nitrogen atom(s) , 
for example, benzo thiazolyl, benzo thiadiazolyl, etc.; . 

unsaturated 3 to 8-membered (more preferably S 
or 6-membered) heteromonocyclic group containing an 
oxygen atom, for example* furyl, etc.; 

unsaturated 3 to 8-membered (more preferably 5 
or 6-membered) heteromonocyclic group containing an 
oxygen atom and 1 to 2 sulfur atom(s) , for example r 
dihydrooxa thiiny 1 , etc.; 

unsaturated condensed heterocyclic group containing 
1 to 2 sulfur atom(s) , for example, benzo thienyl, 
benzodithiinyl, etc.; 

unsaturated condensed heterocyclic group contain- 
ing an oxygen atom and 1 to 2 sulfur atom(s) , for example, 
benzoxa thiiny 1 » etc. and the like. 

Thus defined heterocyclic group may optionally 
have one to three suitable substituent(s) such as 
lower alkyl (e.g. methyl, ethyl, propyl, isopropyl, 
butyl, pentyl, hexyl, etc.), hydroxy, oxo, amino, 
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halogen (e.g. chlorine, bromine, etc.], lower alkoxy 
(e.g. methoxy, ethoxy, propoxy, etc.), carboxy- 
(lower) alkyl as exemplified above. 

Preferable example of heterocyclic moieties 
having suitable substituent(s) may include thiadiazolyl 
having lower alkyl (e.g., methylthiadiasolyl, 
ethylthiadiazolyl, propylthiftdiazolyl, etc.), tetrazolyl 
having lower alkyl (e.g., methyltetrazolyl, ethyl- 
tetrazolyl, propyltetrarolyl, etc.) , tetrazolyl having 
carboxy (lower) alkyl [e.g., carboxymethyltetrazolyl/Z- 
carboxyethyl) tetrazolyl, (3-carboxypropyl) tetrazolyl,, etc.] f 
thiazolyl having lower alkyl and carboxy(lower)al*yl 
such as 5-carboxy ( lower ) allcyl-^-lower alkylthiazolyl 
[e.g. 5-carboxymethyl-4-methylthiaaolyl, 5-carboxymethyl 
-^lethyltniazolyl, 5-carboxymethyl-4-propylthiazolyl, 
5-carboxyethyl-4-isopropylthiazolyl, etc.! and 
5-lower alkyl-4.-carboxy( lower )alkylthiasolyl [e.g. 
5-methyl-4-carboxymethylthiazolyl , 5 -ethyl-4-carboxy- 
methylthiazolyl, 5-propyl-A-carboxymethylthiasolyl, 
5-isopropyl-4-carboxyethyltniazolyl, etc.] and the like. 

etc.] and the like. 

Suitable "lower alkanoyl" moiety in the terms 
"lower alkanoylamino" and "trihalo (lower) alkanoylamino" 
may include the ones as exemplified, above, in which 
the preferred one is formyl and acetyl- 



) 
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The processes 1 to 4 for the preparation o£ the 
object compounds . (I) of the present invention are 
explained in detail in the following. 

Process 1 : 

The compound (I) or a salt thereof can be prepared 
by reacting the compound (II> or its reactive derivative 
at the amino group or a salt thereof with the compound 
CI II) or its reactive derivative at the carboxy group 
or a salt thereof. 

Suitable salt of the starting compound (II) and 
(III) may include the same ones as illustrated for the 
compounds (I) % 

Suitable reactive derivative at the amino group 
of the compound (II) may include a conventional one, for 
example, a silyl derivative formed by the reaction of 
the compound (II) with a silyl compound such as bis- * 
(trimethylsilyl) ace tamide , trime thylsilylacetamide , 
etc.; isocyanate; isothiocyanate; Schiff's base or 



( to be continued to the next page ) 



its tautomeric enamine type isomer formed by the 
reaction of the amino group with a carbonyl compound 
such as an aldehyde compound (e.g. acetaldehyde, 
isopentaldehyde, benzaldehyde , salicylaldehyde, 
phenylacetaldehyde, p-aitrobeazaldehyde , m-chloro- 
benzaldehyde , p-chlorobenzaldehyde, hydroxynaphtho- 
aldehyde, furfural, thiopheJfecarboaldehyde, etc.) or 
a ketone compound (e.g. acetone, methyl ethyl ketone," 
methyl isobutyl ketone, ace ty lace tone, ethyl 
acetoacetate, etc.), and the like. 

Suitable reactive derivative of the compound (III) 
may include, for example, an acid halide, an acid 
anhydride, an activated amide, an activated ester, and 
the like, and preferably an acid chloride and acid 
bromide; a mixed acid anhydride with an acid such as 
substituted phosphoric acid (e.g. dialkylphosphoric 
acid, phenylphosphoric acid, diphenylphosphoric acid, 
dibenrylphosphoric acid, halo gena ted phosphoric acid, 
etc.), dialkylphosphorous acid, sulfurous acid, 
thio sulfuric acid, sulfuric acid, alkyl carbonate 
(e.g. methyl carbonate, ethyl carbonate, propyl 
carbonate, etc.), aliphatic carboxylic acid (e.g- 
pivalic acid, pentanaic arid, isopentanoic acid, 
Z-ethylbutyric acid, trichloroacetic acid, etc.), 
aromatic carboxylic acid (e.g. benzoic acid, etc.); 
a symmetrical acid anhydride; an activated acid amide 
with a heterocyclic compound containing imino function 
such as imidazole, 4 -substituted imidazole, 
dime thy lpyrazole , triazole or tetrazole; an activated 
ester (e.g. p-nitrophenyl ester, 2,4-dinitrophenyl 
ester, trichlorophenyl ester, pentachlorophenyl ester, 
mesylphenyl ester, phenylazophenyl ester, phenyl 
thioester, p-nitrophenyl thioester, p-cresyl thioeste?, 
carboxymethyl thioester, pyridyl ester, piper idinyl 
ester, 8-quinolyl thioester, or an ester with a N-hydroxy 
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compound such as N,N-dimethylhydroxylamine, 1 -hydroxy - 
2-(lH)-pyridone, N-hydroxysuccinimide, N- hydroxy - 
phthalimide , 1-hydroxybenzotriazole , 1 -hydroxy- 6- 
chlorobenzotriazole, etc.), and the like. 

The suitable reactive derivative can optionally 
be selected from the above according to the kinds of 
the compounds (II) and (III)* to he used practically. 

This reaction can be carried out in the presence 
of an organic or inorganic base such as alkali metal 
(e.g. lithium, sodium, potassium, etc.), alkaline 
earth metal (e.g. calcium, etc.), alkali metal 
hydride (e.g. sodium hydride, etc.) , alkaline earth 
metal hydride (e.g. calcium hydride, etc.), alkali 
metal hydroxide (e.g. sodium hydroxide, potassium 
hydroxide, etc.), alkali metal carbonate (e.g. sodium 
carbonate, potassium carbonate, etc.), alkali metal 
bicarbonate (e.g. sodium bicarbonate, potassium 
bicarbonate, etc.) y alkali metal alkoxide (e.g. 
sodium methoxide, sodium ethoxide, potassium 
tert-butoxide, etc.), alkali metal alkanoic acid 
(e.g. sodium acetate, etc*), trialkylamine (e.g. 
trie thy lamine , etc.), pyridine compound (e.g. pyridine, 
lutidine,. picoline, etc.), quinoline, and the like. 

In case that the compound (III) is used in a 
form of the free acid or a salt in this reaction, 
the reaction is preferably carried out in the presence 
of a condensing agent such as a carbodiimide compound 
[e.g. N,N* -dicyclohexylcarbodiimide , N-cyclohexyl-N f - 
( 4-diethylaminocyclohexyl) carbodiimide , N,N f - 
diethylcarbodiimide, N,N f -diisopropylcarbodiimide, 
N-ethyl-N f -(3-dime thy laminopropyl) carbodiimide, etc.] , 
a ketenimine compound (e.g. N,N r -carbonylbis(2- 
methylimidazole) , pentamethyleneketene-N-cyclohexyl- \ 
inline, diphenylketene-N~cyclohexylimine, etc.); an 
olefinic or acetylenic ether compounds (e.g. 
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ethoxyacetylene, 0-chlorovinylethyl ether), a sulfonic 
acid ester of N-hydroxybenzotriazole derivative [e.g. 
1- (4-chlorobenzenesulfonyloxy) -6-chloro-lH-benzotriazole , 
etc.], a combination of trialkylphosphite or triphenyl- 
phospnine and carbon tetrachloride, disulfide or 
diazenedicarboxylate (e.g. diethyl diazenedicarboxylate , 
etc.), a phosphorus compound* (e . g . ethyl polyphosphate, 
isopropyl polyphosphate, phosphoryl chloride, phosphorus 
trichloride, etc.) , thionyl chloride,, oxalyl chloride, 
N-ethylbenzisoxazolium salt, N-ethyl-5-phenylisoxazolium- 
3-sulfonate, a reagent (referred to as so-called 
"Vilsmeier reagent") formed by the reaction of an amide 
compound such as M, N-di (lower) alky If ormamide (e.g. N,N- 
dimethylf ormamide, etc.) , N-methylf ormamide or the like 
with a halogen compound such as thionyl chloride, 
phosphoryl chloride, phosgene or the like. 

The reaction is usually carried out in a conventional 
solvent which does not adversely influence the reaction 
such as water, acetone, dioxane, acetonitrile, chloroform, 
benzene, methylene chloride, ethylene chloride, 
tetrahydrofuran, ethyl acetate, N,N-dimethylf ormamide, 
pyridine, hexamethylphosphoramide , etc., or a mixture 
thereof* 

Among these solvents, hydrophilic solvents may 
be used in a mixture with water. 

The reaction temperature is not critical and the 
reaction is usually carried out under cooling to 
warming. 

Process 2 : 

The compound (lb) or a salt thereof can be 
prepared by subjecting the compound (la) or a salt 
thereof to removal reaction of the amino -protective - 

oi 

group in Rj. 

Suitable method for this removal reaction may 



include- conventional one such as hydrolysis, reduction, 

and the like. 

(i) For hydrolysis : 

Hydrolysis is preferably carried out in the 
presence of an acid or a base. 

Suitable acid may be an inorganic acid (e.g. 
hydrochloric acid, hydrobromic acid, sulfuric acid, 
etc.), an organic acid (e.g. formic acid r acetic acid, 
trif luo r o ace tic acid, propionic acid, methanesulfonic 
acid, benzenesulfonic acid, p- toluene sulfonic acid, 
etc.), an acidic ion-exchange resin and the like. 
In case that the organic acid such as trifluoroacetic 
acid and p - 1 aluenesul f onic acid is used in this 
reaction, the reaction is preferably carried out in 
the presence of cation trapping agents (e.g. anisole, 
etc.) . 

Suitable base may be the same organic and 
inorganic bases as those in Process 1. 

The acid or base suitable for this hydrolysis 
can be selected according to the kinds of the 
protective group to be removed, for example, this 
hydrolysis can. preferably be applied to the amino - 
protective group for such as substituted or 
unsubstituted lower alkoxycarbonyl , substituted or 
unsubstituted lower alkanoyl . 

The hydrolysis is usually carried out in a con- 
ventional solvent which does not adversely influence 
the reaction such as water, methanol, ethanol, propanol, 
tert-butyl alcohol, tetrahydrofuran, N,N-dimethyl- 
formamide, dioxane or a mixture thereof, and further 
the above-mentioned acids can also be used as a 
solvent when they are in liquid. 

The reaction temperature of this hydrolysis is 
not critical, and the reaction is usually carried out 
under cooling to at somewhat elevated temperature^ 
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(ii) Pot Reduction : 

Reduction is carried out in a conventional 
manner, including chemical reduction and catalytic 
reduction . 

Suitable reducing agents to be used in chemical 
reduction are a combination of a metal (e.g. tin, zinc, 
iron, etc.) or metallic compound (e.g. chromium chloride, 
chromium acetate, etc.) and an organic or inorganic 
acid (e.g. formic acid, acetic acid, propionic acid, 
trifluoro acetic acid, p-toluenesulfonic acid, 
hydrochloric acid, hydrobromic acid, etc.) . 

Suitable catalysts to be used in catalytic reduc- 
tion are conventional ones such as platinum catalysts 
(e.g. platinum plate, spongy platinum, platinum black, 
colloidal platinum, platinum oxide, platinum wire, etc.) , 
palladium catalysts (e.g. spongy palladium, palladium 
black, palladium oxide, palladium on carbon, colloidal 
palladium, palladium on barium sulfate, palladium on 
barium carbonate, etc.)', nickel catalysts (e.g. reduced 
nickel, nickel oxide, Raney nickel, etc.), cobalt 
catalysts (e.g. reduced cobalt, Raney cobalt, etc.), 
iron catalysts (e.g. reduced iron, Raney iron, etc.), 
copper catalysts (e.g. reduced copper, Raney copper, 
Oilman copper, etc.) and tie like. 

The reduction manner can be selected according to 
the kinds of the protective group to be removed, for 
example, the chemical reduction can preferably be 
applied to the amino -protective group for R a such as 
halo (lower) alkoxycarbonyl and the like, and catalytic 
reduction can preferably be applied to that such as 
substituted or unsubstituted ar (lower) alkoxycarbonyl, 

and the like. 

The reduction is usually carried out in a 
conventional solvent which does not adversely 
influence the reaction such as water, methanol, ethanol, 
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propanol, N,N-dimethylformamide, or a mixture thereof. 
Additionally, in case that the above-mentioned acids 
to be used in chemical reduction are in liquid, they 
can also be used as a solvent. Further, a suitable 
solvent to be used in catalytic reduction may be the 
abovementioned solvent, and other conventional solvent 
such as diethyl ether, dioxane , tetrahydrofuran, etc., 
or a mixture thereof. 

The reaction temperature of this reduction is 
not critical and the reaction is usually carried out 
xinder cooling to warming. 

The methods thus explained may be selected 
depending upon the kind of the protective groups to 
be removed. 

The present invention includes, within the scope 

of the ■ invention cases that the protected carboxy 
2 4 

group Cs) in R and R are transformed into the . 
corresponding free carboxy group (s) , respectively 
during the reaction. 

Process 3 : 

The compound (Id) or a salt thereof can be 
prepared by subjecting the compound (Ic) or a salt 
thereof to removal reaction of the carboxy-protective 
group in R^. 

This reaction is carried out by a conventional, 
method such as hydrolysis, reduction, and the like. 

The method of hydrolysis and reduction r and the 
reaction conditions (e.g. reaction temperature, solvent, 
etc.) are substantially the same as those illustrated 
for the removal reaction of the amino -protective 
group of the. compound (la) in Process 2, and therefore, 
are to be referred to said explanation. 

The present invention includes, within the scope 
of the invention, cases that the protected amino group 
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4 

ia R 1 and/or the protected carboxy group in R are 
transformed into a free amino group and/or a free 
carboxy group, respectively during the reaction. 

S Process 4 : 

The compound (If) or a^alt thereof can be 
prepared by subjecting the compound (Ie) or a salt 
thereof to removal reaction of the carboxy -protective 
4 

group in R^. 

10 this reaction is carried out substantially in 

the same manner as explained in Process 5. 

The present invention includes; within the 
scope of the invention, the cases that the protected 
amino group in R 1 and/or the protected carboxy group 

IS in R 2 are transformed into a free amino group and/or 

a free carboxy group, respectively, during the 
reaction. 

The object compounds CD obtained according to 
the Processes 1 to 4 as explained above can be 
20 isolated and purified in a conventional manner, for 

example, extraction, precipitation, fractional 
crystallization, recrystallization, chromatography, 

and the like. 

Processes (i) , (ii) and (iii) for the preparation 
ZS of the starting compound (III) are explained in 

detail in the following. 

Process (i) r 

The compound (Ilia) or a salt thereof can be 
30 prepared by reacting the compound (IV) or a salt 

thereof with a halo gena ting agent. 

Suitable salt of the compound (Ilia) and (IV) ^ 
may include the same salt as exemplified for the 
compounds (I) . 

35 Suitable halogenating agent used in this reaction 
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may include one which can be applied to conversion of 
a hydrogen to a halogen such as halogen (e.g. chlorine, 
bromine, etc.), trihalogenoisocyanuric acid (e.g. 
trichloroisocyanuric acid, etc.)* sodium salt of 
N-chloro-4-methylbenzenesulfonamide , N- halo geno amide 
(e.g. N-chloroacetamide, N-hromoacetamide, etc.), 
N -halo geno imide (e.g. M-chlorosuccinimide , N- 
bromosuccinimide, N-chlorophthalimide, N-bromophthalimide , 
etc.), alkyl hypochlorite (e.g* tert -butyl hypochlorite, 
etc.), and the like. 

This reaction is usually carried out in a con- 
ventional solvent which does not adversely influence the - 
reaction such as methanol, ethanol, isopropylalcohol 
methylene chloride, chloroform, ethylene chloride, 
tetrahydrofuran, dioxane, N ,N-dimethy If ormamide , 
water, formic acid, acetic acid, etc, or a mixture 
thereof. 

The reaction temperature is not critical and 
the reaction is usually carried out under cooling to 
warming. 

Process (ii) ; 

The compound (Ilia) or a salt thereof can be 
prepared by reacting the compound (V) or a salt 
thereof with the compound (VI) or a salt thereof. 

Suitable salts of the compound (VI) may include 
the same acid addition salts as exemplified for the 
compounds (1} . 

In this reaction, when the compound (VT) is 
used xxl a salt form, this reaction can also be carried 
out in the presence of a base as exemplified in 
Process 1. 

m 

This reaction is usually carried out in a 
conventional solvent which does not adversely 
influence the reaction such as water, methanol, 
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ethaaol, propaiiol, dioxane, tetrahydrofuran, etc., 
or a mixture thereof. 

The reaction temperature is not critical and 
the reaction is usually carried out under cooling 
5 to warming. 

Process fiii) : 

The compound (IIIc) or a salt thereof can be 
prepared by subjecting the compound (Illb) or a 
10 salt thereof to the acyl exchange reaction. 

The present acyl exchange reaction can be 
carried' out by reacting the compound (Illb) or a 
salt thereof with an acylating agent. Suitable 
acylating agent may include R 6 -0H (VII) [wherein R 
IS is trihalo (lower) alkanoyl] or its reactive derivatives 

ox a salt thereof. 

Suitable reactive derivatives can be referred 
to the ones as mentioned in Process 1. 
The present acyl exchange reaction can be carried 
20 out in a similar manner to that of aforementioned 

Process 1 . 

The starting compounds thus prepared can be 
isolated in a conventional manner as mentioned for 
the object compounds of the present invention. 

2S it i S to be noted that, in the aforementioned 

reactions in Processes 1 to 4 and (i) to (iii) or 
the post-treatment of the reaction mixture therein, 
ia case that the starting or object compounds 
possess an optical and/or geometrical isomer (s) , 

30 it may occasionally be transformed into the other 

optical and/or geometrical isomer (s), and such 
cases are also included within the scope of the 
present invention. 

In case tha t the object compounds (I) have a 

3S free carboxy group or free amino group at the 4th or 
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. 7th position thereof, it may be transformed into 
its pharmaceutical^ acceptable salts by a 
conventional method. 

The object compounds (I) and the pharmaceutical^ 
acceptable salts thereof of the present invention 
are novel and exhibit high antimicrobial activity, 
inhibiting the growth of a wide variety of pathogenic 
microorganisms including Gram-positive and Gram-negative 
microorganisms and are useful as antimicrobial agents, 
especially for oral administration as shown in the 
following data* 

Now in order to show the utility of the object 
compounds (I) , the test data on the antimicrobial 
activity of some representative compounds (I) of this 
invention are shown in the following. 
CI) Test 1: in Vitro Antimicrobial Activities * 
Test Compounds 

No. 1 7-[2-C2-amxno-5-chlorothiazoI-4-yl)-2-(l- 
carboxyethoxyimino) acetamido] -3-cephem-4- 
carboxylic acid (syn isomer) . 

No^ 2 7-[2-(2-amino-5-cMorothiazol-4-yl)-2- 
propargyloxyiminoacetamido ] - 3- (1, 3, 4- 
thiadiazo 1 - Z-yl) tdxiomethyl-3-cephem-4-carboxylic 
add Oyu isomer) - 

No. 3 7-[Z-C2-amiiio-S-chlorothiarol-4-yl)-2-carboxy- 
methoxyiminoacetamido ] -3- (1, 3 , 4-thiadiazol- 2- 
yl) thiome thy 1 - 3 -cephem- 4 - carb oxy lie acid 
Csyn isomer) . 

No. 4 7-[2-(2-amino-S-chlorothiazol-4-yl)-2- 

allyloxyimino ace tamido ] -3- (1,3 , 4-thiadiazol- 
Z-yl) thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer) . 

No. S 7-[2-(2-amino-5-chlorothiazol-4-yl)-2-(2- 

cyclopenten-l-yl) oxy iminoace tamido ] - 3- (1 f 3 , 4- 
thiadiazol-2-yl) thiome thyl-3-cephem-4-carboxylic 
acid (syn isomer) . 
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No. 6 7-[2-(2-aniino-S-chlorothiazol-4-yl)-2- 

carboxymetiioxyiminoacetamido] -3-chloro-3- 
cephem-4-carboxylic acid (syn isome^. 
Test Method 

~~~ In vitTO antimicrobial activity was determined 
by the two -fold agar-plate dilution method as 
described below. 

One loopful of an overnight culture of each 
test strain, in Tripticase-soy broth (approximately 
10 8 viable cells per ml) was streaked on heart infusion 
agar (HI -agar) containing graded concentrations of 
antimicrobial agents, and the m i n imal inhibitory 
concentration (MIC) was expressed in term of ug/ml 
after incubation at 37°C for 20 hours. 



Test Results 1 

MIC (ug/ml) 



Compounds 
Strains ~- — 


1 


2 


3 


4 


S 


6 


Proteus 

vulgaris LAM- 10 25 


o.os 


1.S6 


0.02S 


1.S6 


0.39 


O.OS 


Pseudomonas 
aeruginosa NCTC-I0490 


0.78 


0.78 


0-78 


0.78 


0.39 ! 0.78 
I 



For therapeutic administration, the object com- 
pounds (I) and the pharmaceutically acceptable salts 
thereof of the present invention are used in the form 
of conventional pharmaceutical preparation which contains 
said compound, as active ingredient, in admixture with- 
pharmaceutically acceptable carriers such as an organic 
or inorganic solid or liquid excipient which is suitable 
for oral, parenteral and external administration. The 
pharmaceutical preparations may be in solid form such 
as tablet, granule, powder, capsule, or liquid form 
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such as solution, suspension, syrup, emulsion, 
lemonade and the like. 

If needed, there may be included in the above 
preparations auxiliary substances, stabilizing agents, 
wetting agents and other commonly used additives such as . 
as lactose, magnesium steara^e, terra alba, sucrose, 
corn staTch, talc, stearic acid, gelatin, agar, 
pectin, peanut oil, olive oil, cacao butter, ethylene 
glycol and the like. 

While the dosage of the compounds (I) may vary 
from and also depend upon the age, conditions of the 
patient,, a kind of diseases , a' kind of the compounds 
CI] to be applied, etc. In general* amounts between 
1 mg and about 4,000 mg or even more per day may be 
administered to a patient. . An average single dose 
of about SO mg, 100 mg, ZS0 mg, 500 mg, 1000 mg, 
2000 mg of the object compounds (ID of the present 
invention may be used in treating diseases infected 
by pathogenic microorganisms. 

The following preparations and examples are 
given for the purpose of illustrating the present 
invention. 
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Preparation of the starting compounds 

Preparation 1 

A solution of chlorine (3.2 g) in acetic acid 

5 (44 ml) was dropwise added to a solution of 2-(2- 

formamidothiazol-4-yl) -2-(p»pargyloxyimino) acetic 
acid (syn isomer) (10 g) in chloroform (2S0 ml) at • 
0*C, and the mixture was stirred for 30 minutes at 
same temperature. The resultant solution was added 

LQ to a saturated aqueous solution of sodium bicarbonate 

and adjusted to pH 7.5 with 10% aqueous solution of 
sodium hydroxide. The separated aqueous layer was 
adjusted to pH 2.0 with cone, hydrochloric acid and 
extracted with ethyl acetate. The extract was washed 

IS with a saturated aqueous solution of sodium chloride, 

dried over magnesium sulfate and evaporated in vacuo. 
The residue was washed with diisopropyl ether and 
collected by filtration to give 2-(2-formamido-S- 
chloTOthiazol-4-yl)-2-propargyloxyiminoacetic acid 

20 (syn isomer) (5.96 g) , mp 161 to 162°C (dec). 

IR (Nujol) : 3280,. 3120, 2120, 1730^ 1690, 
1650 cm" 1 

NMR (DMSO-dg, fi) : 3.55 (1H, m) , 4.86 (2H, d, 

J-2.0Hr), 8.58 (1H, s) , 12.97 (1H, broads) 

25 

Preparation 2 

The following compounds were obtained according 
to a similar manner to that of Preparation 1. 
(1) 2- (2-Ebrmamido-S-chlorothia2ol-4-yl) -2-tert- 
30 butoxycarbonylmethoxyiminoacetic acid (syn isomer J , 

mp 166 to 16 7° C (dec). 

IR (Nujol) : 3150, 1725, 1690, 16S0, 1S60, \ 
1S30 cm" 1 

* NMR (DMS0-d 6 , 5) : 1.47 (9H, s) , 4.75 (2H, s) , 
35 8.7 (1H, s), 12.8 (1H, s) 
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(2) 2-(2-Formamido-S-chlorothiazol-4-yl)-2-(l-tert- 
butoxycarbonylethoxyimino) acetic acid Csyn isomer). 

NMR CDMSO-d 6> 6) : 1.26-1.64 (12H, m) , 
4.69 C1H, q, J=7.0Hz), 8.55 (1H, s) 

*5 

(3) 2-[2-C2,2,2-Trifluoroacjetamido)-5rchlorothiazol- 
4-yl]-2-propargyloxyiminoacetic acid (syn isomer), 
mp. .178 to- 180 *C 

IR (Nujol) : 3300 „ 2140, 1725, 1600 cm" 1 

10 

(4) 2 - (2-Formamido -S -chloro thiazol -4 -yl) -2 -allyloxy- 
imxaoacetic acid Csyn. isomer), mp. 166 to 167*C. 

IR CNujol) : 3140 , 1730, 1695, 1650 cm" 1 

1S (S) . 2- C2-Formamido-S-ch_LorotJiiazol-4-yl) -2- (2- 

cyclopen.ten-1-yl) oxyiminoacetic acid (syn 
isomer), mp. 148 to 150*C. 

IR CNujol) : 31S0, 1725,. 1700, 1655, 1540 cm" 1 

20 C6) 2-Allyloxyimiao-2-(S-chloro-2-tri£luoroacetamido- 

thiazol-4-yl) acetic acid (syn isomer), 
mp. 162°C Cdec.) . 

IR CNujol) r 1720 cm" 1 

Z 5 C7) 2-(S«K3aoro-2-tri£luoroacetamidotliiazol-4-yl)- 

2-t-butoxycarboaylmet±x3xyiminoacetic acid 
Csyn. isomer, mp. 145 to 146*C 

IR (Nujol) ; 3180, 1740, 1721, 1595 cm" 1 

30 (a) 2-CS-aaoTO-2-£ormamidothiazol-4-yl)-2-C3-t- 

butoxycarbonyl-2-propenyloxyimino) acetic acid 
Csyn isomer), mp. 139 to 142°C Cdec). 
IR CNujol) : 3150, 1705, 1655 cm" 1 



35 
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Preparation 3 

Ethyl (2-formainido-5-(&lorothiazol?4-yl)glyoxylate 
(14. S g) was added to a solution of IN aqueous 
potassium hydroxide (110 ml) at ambient temperature, 
and the mixture was stirred for 10 minutes to prepare 
the solution of potassium (>-formamido-5-chlorothiazol- 
4-yl)glyoxylate. After this solution was adjusted 
to pH 2 with. 10% hydrochloric acid under ice-cooling, 
thereto were added pyridine (20 ml)- and a solution of 
tert-butyl 2-aminooxyacetate (10. S g) in tetrahydrofuran 
(50 ml) , followed by stirring at ambient temperature 
for S hours. After the reaction mixture was washed 
with, ethyl acetate , the remaining aqueous solution was 
adjusted to pH 1.5 with 10% hydrochloric acid and 
extracted with ethyl acetate'. The extract was washed 
with an aqueous sodium chloride and then dried over 
magnesium sulfate. Removal of the solvent gave 
2 - ( 2- f ormamido - 5 -chloro thiazol -4-yl) - 2 - tert- 
butoxytuirbonylmethoxyiminoacetic acid (syn isomer) 
(8.5 g), mp 166 to 167°C (dec). 

IR (Nujol) : 3150, 1725, 1690, 1650, 1560, 
1530 cm" 1 

NMR (DMSO-dg, fi) : 1.47 (9H, s) , 4.75 (2H, s) , 
8.7 C1H, S)„ 12.8 (1H, s) 

Preparation 4 

Ethyl C2-fbrmamidd-5-chlorothiazol-4-yl) glyoxylate 
(10.0 g) was added to the IN aqueous solution of potassium 
hydroxide (76.1 ml) at ambient temperature and stirred 
for 10 minutes. The reaction mixture was adjusted to 
pH 2.0 with 10% aqueous hydrochloric acid under ice 
cooling. A solution of 1-tert-butoxycarbonylethoxyamine* 
(8.4 g) in tetrahydrofuran (35 ml) was added to the 
stirred suspension of the above mixture in pyridine 
(13.9 ml) at ambient temperature and stirred for 4 



hours at same temperature* The resulting mixture was 
adjusted to pH 7.S with a saturated aqueous solution 
of sodium bicarbonate, and washed with ethyl acetate. 
The separated aqueous layer was adjusted to pH 2.0 with 
10% aqueous hydrochloric acid and extracted with ethyl 
acetate. The extracts were' washed with a saturated 
aqueous solution of sodium chloride, dried over 
magnesium sulfate and evaporated in vacuo. The residue 
was washed with diisopropyl ether and collected by 
filtration to give 2-C2-formamido-S-chlorothia2ol-4- 
yl) -2- Cl-tert-butoxycaxbonylethoxyimino) acetic acid 
Csyn isomer) (2. SI g) * 

NMR (DMSO-dg, S) : 1.26-1.64 (12H„ m) , 
4.69 (1H, q, J~7.0Hz), 8.5S (1H, s) 

Preparation S 

Ethyl (2-f6rmamida-S-chlorothiazol-4-yl) glyoxylate 
(40.0 g) was added to IN aqueous solution of potassium- 
hydroxide (305 ml) at ambient temperature and stirred 
for 10 minutes. The reaction mixture was adjusted to 
pH 2.0 with 10% aqueous hydrochloric acid under ice 
cooling. X solution of allyloxyamine [14.4 g) in 
tatrahydrofuran (200 ml) was added to the stirred sus- 
pension of the above mixture in pyridine (54. 1 g) at 
ambient temperature and stirred for 4 hours at the same 
temperature. The resultant mixture was adjusted to pH 
7.S with a saturated aqueous solution of sodium 
bicarbonate > and washed with ethyl acetate. 
The separated aqueous layer was adjusted to pH 2.0 
with 10% hydrochloric acid and extracted with ethyl 
acetate. The extract was washed with a saturated 
aqueous solution of sodium chloride, dried over \ 
magnesium sulfate and evaporated under reduced pressure. 
The residue was washed with diisopropyl ether and 
collected by filtration to give 2-(2-formamido-5- 
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chlorothiazol-4-yl)-2-allyloxyiminoacetic acid (syn 
isomer, 24.74 g) , mp. 166 to 167°C. 

IR (Nujol) : 3140, 1730, 1695, 1650 cm" 1 
NMR (DMS0-d 6 , 5) : 4.69 (ZH, m) , S.09-S.59 (2H, 
m), 5.67-6.41 (1H, m) , 8.52 (1H, s) , 
12.87 (1H, broad *) 

Preparation 6 

The following compounds were prepared according 
to the similar manners to those of Preparations 3 to 5. 
CI) 2- (2-Formamido-5-chlorotlriazol-4-y-l) -2- (2- 

cyclopenten-l-yl) oxyiminoacetic acid (syn isomer) , 
mp. 148 to 1S0°C. 

IR (Nujol) : 3150, I72S, 1700, 1655, 1540 cm" 1 
NMR (DMS0-d 6 , fi) : 1.65-2.5 (4H, m) , 

5.35 C1H, m), 5.90 {1H, m) , 6.10 (1H, m) , 
8. S3 (1H, s), 12.9 (1H. s) 

C2) 2-C2-Formamido-5-chlorothiasol-4-yl)-Z- 

propargyloxyiminoacetic acid C s yn isomer) , mp . 
161 to 162°C (dec). 

IR (Nujol) : 3280, 3120, 2120, 1730, 1690, 
1650 cm" 1 

NMR (DMSO-dg, 6) : 3.53 (1H, m) , 4.86 (2H, d, 
J-2.0HS), 8.58 (1H, s) , 12.97 (Ifl, broad s) 

(3) 2- [2- (2 , 2 , 2-Trifluoroace tamido) -5-chlorothiarol- 
4-yl]-2-propargyloxyiminoacetic acid (syn isomer), 
mp. 178 to 180 °C. 

IR (Nujol) : 3300, 2140, 1725, 1600 cm" 1 

(4) 2-Allyloxyimino-2-(5-chloro-2-trifliioroacetamido- 
thiazol-4-yl) acetic acid (syn isomer), mp. 162°C 
(dec.) , v 

IR (Nujol) : 1720 cm" 1 
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(5) 2- (S-Oiloro*2-trifluoroacetamidotiiiazol-4-yl) - 
2 - t-butoxycarbonylmet±oxyiminoace tic acid 
(syn isomer), mp. 14S to 146 °C. 

IR (Nujol) : 3180, 1740, 1721, 1S9S cnf 1 

S 

(6) 2-(5-Chloro-2-foiTnamido*±iazol-4-yl) -2-(3-t- 
butoxycarbonyl-2-propenyloxyimino) acetic acid 
Csyit isomer), mp. 139 to 142°C (dec.). 

IR (Nujol) r 31S0 r 17QS, 16SS of 1 
10 NMR (DMSO-dg, «) : 1.4S (9H, s) , 4,90 (2H, 

d, J»4.0Hr), 5.93 (1H, d, J«16.0Hz), 
6.88 (1H, d-t, J-16.0H*, 4.0Hr) , 8.55 
C1H, s), 1Z.87 (1H, broad s) 

IS Preparation 7 

2,2,2-Trxfluoroacetic anhydride (12.8 g) was 
added to the stirred suspension o£ 2 - ( 2 - f ormamido - 5- 
chlorothiazol-4-yl) -2-propargyloxyiminoacetic acid 
(syn isomer, 8.0 g) in tetrahydrofuran (40.0 ml) at 
20 -10 to -5°C. Triethylamine (6.2 g) was added to the 

reaction miy^" ^ at -10 to -2°c, and stirred for 
1 hours at 0 ta S*c. The reaction mixture was poured 
into a mixture of ethyl acetate and water, and adjusted 
to pH 7.5 with 10% aqueous solution of sodium hydroxide. 

25 The separated aqueous layer was adjusted to pH 2.5 

with 10% hydrochloric acid and extracted with ethyl 
acetate. The ethyl acetate layer was washed with a 
saturated aqueous solution of sodium chloride, dried 
over magnesium sulfate and evaporated under reduced 

SO pressure. The residue was washed with di-isopropyl 

ether and collected by filtration to give 2- [2- (2,2,2- 
trifluoroacetamido) -S-chlorothiarol-4-yl] -2- \ 
propargyloxyiminoacetic acid (syn isomer, 5.9 g) , 
mp. 178 to 180 °C* 

SS IR (Nujol) : 3300, 2140, 172S, 1600 cm" 1 
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NMR (DMSO-d 6 , 6) : 3. S3 (1H, m) , 4.88 (2H, d, 
J-2.0H2), 12. ZS (IH, broad s) 

Preparation 8 

The following compounds were prepared according 
to a similar. manner to that*o£ Preparation 7. 

(1) 2-Allyloxylmino-2-CSH±loTO-2-ixifluoroacetamido- 
thiarol-4-yl) acetic acid (syn isomer), mp. 162°C 
(dec.) . 

IR CMujo-1) : 1720 cm" 

NMR (DMSO-d g> 6) : 4.72 (2H, d, J=*6.0Hz) , 
5.11-5.61 (2H, m), S. 73-6.43 (IH, m) 

(2) 2- (S-Qiloro-2-tri£luoroacetJuaidothiarol-4-yl) - 
2-t-butoxycarbonylmethoxyiminoacetic acid 
(syn isomer), mp* 14S to 146 °C. 

IR CNujol) : 3180, 1740, 1721, 1595 cm" 
NMR (DMSO-d 6 , 6) : 1.43 (9H, s) , 4.67 (2H, s) I, 

11.6 (IH, broad s) 

Example 1 

Vilsmeier reagent was prepared from phosphorus 
oxy chloride (1,4 g) and dimethyl formamide (0.67 g) 
in ethyl acetate (2.68 ml) in usual manner. 2-(S- 
(^oro-2-formamidothiazol-4-yl)-2-t-butoxycarbonyl- 

methoxyiminoacetic add (sya isomer) (2.8 g) was 
added to the stirred suspension. o£ Vilsmeier 
reagent in tetrahydroruran (30 ml) under ice cooling 
and stirred for 20 minutes at same temperature to 
produce an activated solution. N-(trimethylsilyl) - 
acetamide (6.4 g) was added to the stirred suspension^ 
of 7 - amino - 3 -me thy 1 - 3 - cephem- 4 - carbo xy 1 ic acid 
(1.5 g) in tetrahydrofuran (30 ml) , and stirred for 
20 minutes at 35 °C to 40 °C. 
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To the solution was added the above activated solution 
at -10°C and stirred at same temperature for 30 minutes. 
Water and ethyl acetate were added to the reaction 
mixture and the separated organic layer was added to 
water and the mixture was adjusted to pH 7.5 with 
saturated aqueous sodium bicarbonate. The separated 
aqueous layer was adjusted to pH 2.0 with 10% aqueous 
hydrochloric acid and extracted with ethyl acetate. 
The extract layer was washed with saturated aqueous 
sodium chloride , dried over magnesium sulfate and 
evaporated to give 7-[2-(5-chloro-2-formamido- 
thiazol-4 -yl) - 2 - t-butoxycarbonylme thoxy imino - 
acetamido]-3-methyl-3~cephem-4-carboxylic acid (syn 
isomer) (3.03 g) . 

IR (Nujol) : 3170, 1775, 1720. cml 1 
NMR (DMSO-d 6 , S) : 1.47 (9H, s), 2.4S (3H, s) , 
3.48 (2H, q, J=>19.0Hz), 4.65 (2H, s) , 
5.13 (1H, d, J«4.0Hz), 5.80 (1H, d-d, 
J=4.0Hz 8.0Hz), 8.S6 (1H, s) , 
9.52 (1H, d, J=*8.0Hz),. 12.86 (1H, broad s) 

Example 2 

Vilsmeier reagent was prepared from phosphorus 
oxychloride (2.0 g) and dimethylformamide (0.95 g) 
in ethyl acetate (3.8 ml) in usual manner. 2- (5- 
chlor o - 2 - formami do thiazol - 4 -yl) - 2 - t -butoxy carbony 1 - 
me thoxy imino ace tic acid (syn isomer) (4.0 g) was 
added to the stirred suspension of Vilsmeier 
reagent in tetrahydrofuran (50 ml) under ice cooling 
and stirred for 20 minutes at same temperature to 
produce an activated solution. N-(trimethylsilyl) - 
acetamide (9.2 g) was added to the stirred suspension 
o f p -nitrob en zy 1 - 7 - amino - 3 - chlo r o - 3 - cephem- 4 - 
carboxylate hydrochloride (4.1 g) in tetrahydrofuran 
(80 ml) and stirred for 20 minutes at 35°C to 40°C. 
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To the solution was added the above activated 
solution at -10*C and stirred at same temperature 
for 30 minutes. . Water and ethyl acetate were 
added to the reaction mixture. The separated 
organic layer was washed with saturated aqueous 
sodium bicarbonate, aqueous Sodium chloride and 
dried over magnesium sulfate. The solvent was 
evapolated to give p-nitrobenzyl 7-[2-(S-chloro-2- 
f ormamido thiazol-4-yl) -2-t-butoxycarbonylmethoxy- 
iminoacetamidol -3-chloro-3-cephem-4.-carboxylate 
Csyn isomer) (6 . 3 g) . 

IR (Nujol) : 1780, 1720, 1675, 1600 of 1 

NMR CDMS0-d 6 , 6) : 1.4-3 (9H, s), 3.91 (2H„ q, 

J-18.0Hz), Ar.61 (2H, s), 5.31 (1H, d, J»S.0Hz), 
5.45 (2H, s), 5.94- (1H, d-d, J-S.OHz 
8.0Hz), 7.68 (2H, d„ J=8.0Hz), 8.23 (2H, d, 
J-8.0Hr) r 8.51 C1K, s) , 9.67 C1H, d, J=8.0Hz), 
12. 8Z (lH, broad s) 



Example 5 

Vilsmeier reagent was prepared from phosphorus 
oxy chloride (1.2 g) and N,N-dimethylformamide (0.6 g) 
in ethyl acetate (2.4 ml) in a usual manner. 
2-(2-Formamido-5-chlorothiazol-4-yl) -2-tert- 
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butoxycarbonylmethoxyiminoacetic acid (syn" isomer) 
(2*4 g) was added to the stirred suspension of 
Vilsmeier reagent in dry tetrahydrofuran (24 ml) 
under ice -cooling and stirred for 20 minutes at same 
temperature [Solution A]. N -Tr ime thy Is i ly lace rami de 
(6.4 g) was added to the stirjed suspension of 7-amino- 
3- (1, 3 , 4-thiadiazol-2-yl) thiomethyl- 3-cephem-4- 
carboxylic acid (2.0 g) in tetrahydrofuran (40 ml) , 
and the- mixture was stirred for 30 minutes at 35* to 
40 *C. To the solution was added the solution [Solution 
Al at -10°C r and the resulting solution was stirred 
at same temperature for 30 minutes. Water and ethyl 
acetate were added to the reaction mixture at -10 °C. 
The organic layer was separated and added to water. 
The mixture was adjusted to pH' T.S with a saturated 
aqueous solution of sodium bicarbonate- The aqueous 
layer was separated and adjusted to pH 2.0 with 10% 
aqueous hydrochloric acid, and then extracted with 
ethyl acetate. The extract was washed with a saturated 
aqueous solution of sodium chloride, dried over magne- 
sium sulfate and evaporated in vacuo to give 7- [2- (2- 
f armamido - 5 -chloro thiaza 1 -4 -y 1) - 2 - tart -b uto xy carb ony 1 - 
methoxyimnaacetamida^ - 
thiome thy 1 - 3 - cephem-4 - carbo xy lie acid (syn isomer) 
(3.72 g). 

IR (Nujol) : 177S, 1710 f 1670 caf 1 
NMR CDMS0-d 6 , 5) : 1.44 (9H, s) , 3.71 (2H f m) , 
4.45 C2H, q, J-14.0HZ) , 4.64 (2H, s) , S,17 
(1H, d, J-S.OHr), 5.87 (1H, dd, J=*S.0Hz, 
8*0Hz)„ 8.56 (1H, s) , 9.56 (1H, s) , 9.60 
(1H, d„ J«8.0Hz), 12.90 (1H, s) 
Example & ; 

Vilsmeier reagent prepared from N t N-dimethylformamide 
(0.46 ml) and phosphorous oxychloride (0.55 ml) was 
suspended in dry tetrahydrofuran (20 ml). To the 
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suspeusion was added Z-CZ-formamido-S-diloTOthiazol- 
4-yl)-2-tert-butoxycarbouylmethoxyiniiiioacetic acid 
(syn isomer) CI- 8 g) under ice-cooling with stirring 
and then the solution was stirred at the same tempera- 
S t ure for an hour to prepare the activated acid solution. 
To the solution of 7-amino-3,o*phem-4-carboxylic acid 
(1.1 g) and N-tTime thy lsily lace tamide (6.S g) in 
methylene chloride (20 ml) was added the activated 
acid solution obtained above all at once at -20 °C, 
LO and the solution was stirred at -2Q'C to -10'C for an 
hour. After water and ethyl acetate were added to the 
resultant solution, the mixed solution was adjusted to 
pH 7.3 with a saturated aqueous solution of sodium 
bicarbonate. Then the aqueous layer was adjusted to 
IS pH 2.0 with cone, hydrochloric acid, extracted with 

mixed solvent of ethyl acetate (100 ml) and tetrahydro- 
furan (SO ml) - The organic layer was washed with a 
saturated aqueous solution of sodium chloride and dried ^ 
over magnesium sulfate. After removing the solvent, 
20 diisopropyl ether was added to the residue. 

The insoluble residue was collected by filtration to 
give 7- (2> (2-f ormainido-S-chlOTOthiatol-4-yl) -2-tert- 
• butoxyc^rbonylmethoxyiiniiiaacetamida] -S-cephem-4.- 
carboxylic acid (syn isomer) (2. 3S g) , mp US to 149°C 

2S (dec.) . _i 
IR (Nujol) : 3200, 177S, 1720, 1670 cm 
NMR (DMS0-d 6 , «) : l.*5 (9H, s) , 3.60 (2H, m) , 
4.60 (2H, s), S.09 (1H, d, J»5Hz) , S.87 
(1H, dd, J«5Hr r 8HS), 6.47 (1H, m) , 8. SO 
30 (1H, S), 9.S0 (1H, d, J-8Hr) 
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Example 5 

Vilsmeier reagent was prepared from phosphorus 
oxychloride (1.1 g) and N, N- dime thy lformamide (O.S g) 
in ethyl acetate (2.0 ml) in a conventional manner, 
2- [2-(2,2 ,2-Tri£luoroacetamido)-S-chlorothiazol-4-yl) - 
2-propargyloxyiminoacetic acid (syn isomer, 2*2 g) 
was added to the stirred suspension of Vilsmeier re- 
ageat in tetrahydrofnran (22 ml) under ice cooling " 
and stirred far 20 minutes at same temperature [Solution 
A]* Trimethylsilylacetamide (5»1 g) was added to the 
stirred suspension of 7- aminocephalosporanic acid (1*5 g) 
in te trahydro furaa (30 ml) ; and the mixture was stirred 
for 30 minutes at 35 to 40 °C. To the solution was' added 
the solution. [Solution A] at -10 °C, and the resulting 
solution, was stirred at the same temperature for 30 
minutes. Water and ethyl acetate were added to the 
reaction, mixture at -10 P C. The organic layer was sepa- 
rated and added to water,. The mixture was adjusted to 
pH 7.5 with a saturated aqueous solution of sodium 
bicarbonate. The aqueous layer was separated and adjusted 
to pH 2.0 with 10% hydrochloric acid, and then extracted 
with ethyl acetate* The extract was washed with a 
saturated aqueous solution of sodium chloride , dried 
over magnesium sulfate and evaporated under reduced 
pressure to give 7- [2-(2,2,2-triflu0roacetamido) -5- 
chlorothiazol-4-yl] -2 -prop ar gy lo xyimino ace tami do ] - 
cephalosporanic acid (syn isomer, 2.51 g) . 
. IR (Nujol) : 3200, 2130, 1790, 1735, 171S, 1665, 
1625 of 1 

NMR (DMSO-dg, 5) : 2.03 (3H, s) , 3.38-3.77 (3H, m) , 
4.S3-S.Q2 (4H, m), S.1S (1H, d, J-4.0Hz), 
5.84 (1H, dd, J>4.0Hz, 8.0Hz), 9.74 (1H, d, 
J- 8.0Hz) K 
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Example 6. 

The following compounds were prepared according 
to the similar manners to those of Examples 1 to 5. 
(ID 7- [2-(2-Amino-5-chlorothiazol-4-yl) -2-t-butoxy- 

carbonylmethoxyiminoacetamido]-3-methyl-3- 

cephem-4-carboxylic at^id (syn isomer) . 
IR CNujol) : 1775, 172S, 1680, 1610 cm" 

C2) 7-[2-(2-Amino-S-chlOT0thiazol-4-yl) -2- 

carbracTmethoxyiminoacetamido] -3-methyl-3-cephem- 
4-carboxylic acid (syn isomer) . 

IR (Nujol) : 3400, 3300, 3200, 1775, 1730, 
1630 cm" 1 

(3) 7- (2-(S-Chlord-2-foraamidotiiiazol-4-yl) -2- 

t-butoxycarbonrlmei±oxyiminoacetamidol -2-methyl- 
3-cephem-4-carboxylic acid (syn isomer) . 
IR (Nujol) : 1780, 1720, 1675, 1630 cm 
NMR (DMSO-dg, 6) : 1.26-1.63 (12H, m) , 

3.76 (1H, m), 4.61 (2H, s) , 5.09 (1H, d, 
J-S.OHz), 5.91 (1$, d-d, J-S.OHz 9.0Hz), 
6.53 (1H, d, J-6.0HZ), 8.48 (1H, s) , 
9.47 (1H, d, J-9Hz) , 12.92 (lH r broad, s) 

C4) 7- [2- (Z-Amino-5-chlorothiazol-4-yl) -2-t-butoxy- . 
carbcinylmethoxyiminoacetamido ] -2 -methyl- 3- 
" cephem-4-carboxyUc acid (syn isomer) . 

IR (Nujol) : 3260, 3170, 1770, 1720, 1680, 
L630 cm" 1 

(5) 7- [2- (2-Amino-5-chlorothiazol-4-yl) -2-carboxymethoxy 
i m inoacetamido]-2-methyl-3-cephem-4-carboxylic - 

acid (syn isomer) . 

IR (Nujol) : 3400, 3260, 3190, 1780, 1730, 
1690, 1660, 1620 cm" 
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(6) 7- [2-C5-Qiloro-2-foriiiamidothia2ol-4-yl) -Z-t- 
butoxycarbony Ime thoxyiminoace tamido ] - 3 -chloro- 

3- cephem-4-carboxylic acid (syn isomer) . 
IR (Nujol) : 1775, 1720, 1675 cnf 1 

5 

(7) 7- [2-(2-Amino-5-cliloi)othiazol-4-yl) -2-t-butoxy- 
caxboirylmethoxyiminoacetaiiiido] -3-chloro-3- 
cephem-4*-carboxylic acid (syn isomer) „ 

IR (Nujol) : 3260, 1770, 171S, 167S, 1620 cnT 1 

10 

C8) 7- [2- (2-Ami no - 5 -ciiloro thiazol -4-yl) -2-carboxy- 
me tnoxyiminoace tamido] -3-chloro-3-cephem-4- 
carboxylic add (syn isomer) . 

IR (Nttjol) : 3400, 3270, 3200, 1780, 1720, 
IS 168S, 16SS, 1620 cm" 1 

(9) p-Nitrobenzyl 7-[2-(S-chloro-2-£ormamidothiazol- 

4- yl) -2-t-butoxycarbonylmethoxyiminoacetamido] - 
3-meth.oxy-3-ceph.em-4-carboxylate (syn isomer) . 

20 IR (Nujol) : 1770, 1710, 1670, 1600 cm" 1 

NMR (DMSO-dg, 5) : 1.40 (9H, s) , 3.68 (2H, m) „ 
3,77 (3H, s)„ 4.6a (2H, s) , 5.16 (1H, d, 
J-4.0HZ), 5.31 (2H„ S), 5.69 (1H, d-d, 
J»4.0Hz 8.0Hz), 7.60 (2H, d, J»8.0Hz), 

25 8.17 (2H, d„ J-8.0Hz), 8.47 (lH, s), 

9.46 (1H, d, J-8HZ) , 12.82 (1H, broad s) 

(10) 7- [2- (5-QxlOTO-Z-foxTnami dothiazol-4-yL) -Z- 
t-btrtoxycarb any Ime thoxyimino ace tand do ] - 3-methoxy- 

30 S-cephem-4-carboxylic acid (syn isomer) . 

IR (Nujol) t 1770, 1720, 1670 cm" 1 

(11) 7-[2-(2-Amino-S-cnlorothiazoI-4-yl) -2-t-butoxy- 
carbony Ime tnoxyiminoace tamido ] -3-me thoxy - 3 - 

35 cephem-4-carboxylic acid (syn isomer) . 



IR (Nujol) : 32S0, 3150, 1760, 1720, 1670, 
1610 cm" 1 



C12) 7-[2-(2-Amino-S-chloroth.iazol-4-yl) -2-carboxy- 
methoxyimiaoace tamido J -3-meth.oxy-3-cepb.em-4- 
carboxylic acid (syn. isomer) . 

IR (Nujol) : 3280 , 3180, 1760, 1670, 1610 cm" 1 

(13) Benzhydryl 7-[2-(5-chlOTO-2-tri£Luoroacetamido- 
thiazol-4-yl) -2-t-butoxycarboaylmel&oxyimino- 
ace tamido ] - 3-me thy 1 thipme thyl - 3 - cephem-4 - 
carboxylase (sya isomer). 

IR (Nujol) : 3200, 1786, 1727, 1680, 16S9, 
160S cm" 1 

NMR (DMSO-dg, fi) : 1.43 (9H, s) , 1.80 (3H, s) , 
3.SS (2H, broad s) ; 3.60 (2H, broad s) , 
4.60 (2H, broads), 5.26 (1H, d," J»5Hz) , 
5.93 (1H, dd, J»5Hz,9Hz), 6.93 (1H, s) , 
7.3 (10H, m), 9.43 (1H, d, J«9Hz) 



(14) 7-[2-(5-Chloro-2-trifluQroacetamidot3xiazol-4- 
yl) -2-carboxymeth.oxyi mfnoacetami doj- 3-me thy 1- 
thiometb,yl-3-cephem-4-carboxylic acid (syxt 
isomer) . 

IR (Nujol) : 3230, 1770, 1717, 1656 cm" 1 



(IS) 7- [2-(2-Amino-5-cb_LorQtkiarol-4-yl) -2-carboxy- 
methoxyiininoacetamidol -3-me thy lthiomgthyl-3- 
cephem-4-carboxylic acid (syu isomer) . 

IR (Nujol) : 3400, 3250, 1775 r 1718, 1690, 
1656 cm" 1 

C16) 7-C2-C5-Oiloro-2-£ormamidothiazol-4-)rl) -2^(3- 
t-butoxycaxbonyl-2-propenyloxyijnino) ace tamido] - 
3-cephem-4-carboxylic acid (syn isomer) • 
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IR (Nujol) :' 1775, 1675 (broad) -cm" 1 ' 
NMR (DMS0-d fi , «) : 1.4S (9H, s) , 3.58 (2H, m) , 
4.86 (2H, d, J-4.0Hz), 5.12 (1H, d, J=4.0Hz), 
5.88 (1H, d-d, J-4.0H2 8.0Hz), 6.02 (1H, d, 
J-16.0HZ), 6.48 (1H, m) , 6.90 C1H, d-t, 
J?16.0Hz, 4.0Hz) ,'»8. S3 (1H, s), 9.73 (1H, d, 
J-8.0Hz), 12.90 (1H, broads) 

C17J 7- [2-(2-Amino-5-chJ.orothiazol-4-yl) -Z- (3-t- 

butoxycarbony 1- Z -p r op eny 1 oxyimino ) acetamido-3- 
cephem-4-carboxylic acid (syn. isomer) . 

IR (Nujol) : 3280, 3170, 17-70, 1680 (broad), 
1620 cm" 1 

(18} 7-t2-(2-Amino-5-chlorothiazol-4-yl) -Z-(3-carboxy- 
Z-propenyloxyimino) ace t ami do] -3-cephem-4- 

carboxylic acid (syn. isomer) . 

IR (Nujol) : 3200, 1775, 1660, 1630 cm" 1 

(19) 7- [2- (5-Chloro-2-formamido thiazol-4-yl) -2- (3- 
t-butoxycarbonyl-2-propenyloxyimino) acetamido ] - 
3-(l,3 , 4- thiadiazol -2 -/l) thiome thyl - 3-cephem- 4 - 
carboxylic acid (syn. isomer) ► 

IR (Nujol) : 1775, 1680 (broad) -cm" 1 
NMR (DMSO-dg, 6) : 1.44 (9H, s) , 3.69 (2H, m) , 
4.44 (2H, q, J»14.0Hz) , 4.84 (2H, m) , 
5.16 (lH r d, J-4.0HZ) ,5.84 (1H, d-d, 
J»4.0Hz> 8.0Hz) , 5.99 (IE, d, J-16.0Hz), 
6.87 (1H„ d-t, J-16.0HZ, 4.0Hz) , 8.51 (1H, s) , 
9.51 (1H, s), 9.73 (1H, d, J-8.0Hz), 
12.87 (1H, broad s) 

(20) 7- [2- (2-Amino-S-chlorothiazol-4-yl) -2- (3-t- 
butoxycarbonyl-Z-propenyloxyimino) acetamido ] - 3- 
(l,3,4-thiadiazol-2-yl) thiometh.yl-3-ceph.em-4- 
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carboxylic acid (syn isomer) . 

IR (Nujol) : 1775, 1680 (broad), 161S cm" 

C21) 7- [Z-(2-Ainitto-S-cnlorotliiazol-4-yl) -2- (3- 

carboxy-2 -propeayloxyimino) ace tamido ] -3- (1 , 3 , 4 - 
tbiadiazol-2 -yl) taiomerthyl- 3-cephem-4 -carboxylic 
acid (syn isomer) . 

IR (Nujol) : 3300 , 3200 , 1770, 1670, 1630 cm" 1 

(22) 7- [2-Allyloxyimino-Z- (5-calora-2- trifluoroace tamido 
.thiazol-4-yl) ace tamido] -3-(l-carboxymethyl-lH- 
tetrazol-5-yi) tbiometnyl-3-cephem-4-carboxylic 
acid (syn. isomer) . 

IR (Nujol) : 3210, 1790, 1720, 1660 cm" 1 
NMR (DMSO-d 6 , 5) : 3.72 (2H, m) , 4.40 (2H, 
q, J»14.0Hz), 4.72 (2H, d, J»4.0Hz) , 
S.08-S.64 (2H, m), 5.16 (1H, d, J»4.0Hz) , 
S.34 (2H, s), S. 76-6. 49 (1H, m) , 
5.90 (1H, d-d, J-4.0H2 8.0Hz), 8.97 (2H, 
broad s), 9.79 (1H, d, J»8.0Hz) 

(23) 7- (2-AHyloxyimino-2- (i-amiao-S-chlorothiazol- 

4- yl) ace tamido ] -3- (l-carboxymethyl-lH-tetrazol- 

5- yl) thiametbyl- 3-cephem-4-carboxylic acid 
(syn isomer) . 

IR (Nujol) i 3250, 176S, 1660, 1620 cm" 1 

(24) 7-[2-(2-Formamido-S-cnlorothiazol-4-yl) -2- 
propar^loxyiminoacetamido ] -3- (1 ,3 , 4-tniadiazol- 

2-yl)thiomethyl-3-cephem-4-carborylic acid (syn 

isomer) . ., 
IR (Nujol) : 32S0, 2120, 1770, 1760 cm' 
NMR (DMSO-dg, «) : 3.50 (1H, m) , 3.73 (2H, m) , 
4.45 (2H, q, J-14.0HZ), 4.81 (2H, m) , 
5.16 (1H, d, J-S.0HZ), 5.84 (1H, dd, J-S.OHz, 
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8.0Hz), 8.55 (1H, s), 9.56 (1H, s) , 9.73 
(1H, d, J»8.0Hz) 
(25) 7- [2- (2-Formanttdo-S-chlorothiazol-4-yl) -2-' (1-tert- 
butoxycarbonylethoxyimino) ace t ami do] -3-cephem-4- 
carboxylic acid (syn isomer) . 

IR CNujol) : 3150, 1770, 1720, 1670 cm' 1 
HMR (DMS0-d 6 , 6) : 1.28-1. 65 (12H, m) , 3.63 
(2ft, m)» 4.65 (1H, q, J»7.0Hz), 5.14 
(1H, d„ J-S.OHz), 5.90 (1H, dd, J»5.0Hz, 
8.0Hz), 6.49 (1H, m) , 8.54 (1H, s) , 9.44, 
9~S9 (1H, d, J-8.0Hz), 12.95 (1H, broad s) 
(26=) 7-[2-(2-Amino-5-chloroth.iazol-4-yl)-2-teTt- 

butoxycarbonylmetaoxyiminoacetamido ] - 3- (1 , 3 , 4- 
thiadiazo 1-2 -yl) thiorae thyl - 3- cephem- 4 - carbo xylic 
acid (syn. isomer) . 

IR (Nujol) : 3150, 1770, 1720, 1670, 1610 cm" 1 
NMR (DMSO-dg, S) : 1.44 (9H, s) , 3.70 (2H, m) , 
4.44 (2H, m), 4.57 (2H, s) , 5.13 (1H, d, 
J-SHz), 5.81 (1H, dd, J»5.0Hz, 8.0Hz), 
7.41 (2H, broad s), 9.42 (1H, d, J»8.0Hz), 
9.56 (1H, s) 

(27*) 7-[2-(2-Amiao-5-cbloTOthJLarol-4-yl) -2-tert- 

butoxycarbonylmethoxyiminoacetamido ] - 3 -cephem- 4- 
carboxylic acid (syn. isomer) , mp 180 to 18S"C (dec;) 
IR (Nujol) : 3Z50, 177S, 1728, 1680 cm" 1 
NMR (DMSO-dg, 5) : 1.44 (9H, s) , 3.56 (2H, m) , 
4.S6 (2H, s), 5.07 (1H, d, J-SHz) , 5.82 
(1H, dd, J-SHz, 8Hz), 6.46 (1H, m) , 9.33 
(1H, d, J-8HZ) 

(28} 7- [2-(2-Armino-5-ch.lorothiazol-4-yl)-2-(l-tert- 
b utoxycarbony letha xy imino ) ace t ami do ] -3-cephem-4- 
carboxylic acid (syn isomer) . 

IR (Nujol) : 3280, 3180, 1775, 1720, 1670, 
1630 cm* 1 

NMR (DMS0-d 6 , fi) : 1.22-1.60 (12H, m) , 3.S7 
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(2H, m), 4-57 (1H, ffl) , S.09 (1H, d, J»5.0Hz), 
S.82 (1H, m), 6.45 (1H, m) , 7.33 (2H, broad s) , 
9.23, 9.37 C1H, d, J-8.0Hz) 
(29) 7-[2-C2-Amino-5-cliloTOthiazol-4-yl)-2-propargyloxy- 
imino ace tami do ] - 3 - C 1 , 3 , 4 - thiadi azo 1 - 2 -y 1 ) thiome thy 1 - 
3-cephem-4-carboxy4aK^acid (syn isomer). 
IR (Niijol) : 3280, 3190, 2100, 1770, 1670, 
1620 cm* 1 

NMR CDMSO-dg, S) : 3.45 (1H, m) , 3.68 (2H, q, 
J-18.0Hz)„ 4.44 (2H, q, J-14.0HZ), 4.72 
(2H^ m), S.13 (1H, d, J-S.OHz), 5.77 (1H, 
dd, J-5.0HZ, 8.0Hz), 7.38 (2H» broads), 
9.SS CIH, s), 9.61 C1H, d r J»8.0Hz) 

(50) 7- [2-C2-Formamida-S-cbaorothiazol-4-yl) -2-allylaxy- 
imiaoacetamido]-3-(l-methyl-lH-tetrazol-S-yl)- 
thiome thyl-3-CQph.ejn-4-carbojtylic acid (syn isomer) . 
IR CNujol) : 3200,, 1775, 1670 cm" 1 
NMR CDMSO-d 6 , 6) : 3.73 (2H, m) , 3.95 (3H, s) , 
4.33 (2H» m) , 4.69 (2H» nO * S.09-5.S8 
C2H, m), 5.16 (1H, d, J-S.OHz), 5.72- 
6.33 (IH^ m), S.86 CIH, dd, J-S.OHz, 
8.0Hz) r 8.SS CIH, s), 9.70 CIH, d r J-S.OHz) , 
12.96 CIH, broad s) 
02.) 7- [2-C2-Farmamido-S-chlorothiazol-4-yl) -2-allyloxy- 
imiiia ace tami dal-3-cephem-4-carboxy lie acid (syn. 

isomer) . 

IR CHttjol) : 3200 , 1780 „ 1760, 1720, 1670, 
1650 cm" 1 

NMR CDMSO-dg, S) : 3.S8 C2H* *) > 4.67 C2H» r 
5.04-S.S7 (2H, m), 5.10 CIH, d„ J-S.OHz) , 
S.72 - 6.32 CIH, m), 5.87 ClH r dd, 
J-S.OHz, 8.0HZ), 6.47 CIH, m) , 8.S3 Cl»» s) r 
9.67 CIH, d, J-8.0HZ), 12.94 CIH, broad s) 
02) 7-[2-C2-Farmamido-5-chlorothiazol-4-yl) -2-ailyloxy- 
iminoacetamidol -3-C1, 3,4-thiadiazol-2-yl) thiomethyl- 
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3-cephem-4-carboxylic acid (syn isomer) . 
IR (Nujol) : 3160, 1780, 1680 cm" 1 
NMR (DMSO-dg, 6):- 3.71 (2H, m) , 4.45 (2H, q, 
J«14.0Hz), 4.68 (2H, m) , 5.10-5.56 (2H, m) , 
S.16 (1H, d, J-S.OHz), S. 71-6. 23 (1H, m) , 
5.85 ((1H, dd, J=S.0Hz, 8.0Hr), 8.54 (1H, 
s), 9.56 C1H, s), 9.68 (1H, d, J»8.0Hz), 
12.94 (1H, 1>road s) 
C 33)7- [Z- C2-Fcrrmamido-5-chLoTO-riiiazol-4-yl) -2-propargyl- 
oxyomiiioacetamido] -3-cephem-4-carbox)rlic acid 
(syn. isomer). 

IR (Nujol) : 3300, 3200, 1780, 1710, 1670, 

1650, JL630 cm" 1 
NMR CQMSO-dg, 5 ) : 3.40-3.86 (3H, m) , 4.80 

C2H, d, J-2.0HZ), 5.12 (1H, d, J=5.0Hz), 
5.88 (1H, dd, J=»S.0Hz, 8.0Hz), 6.50 (1H, 
t, J-4.0HZ) ,'8.56- (1H, S) , 9.73 (1H, d, 
J»8.0Hz) y 12,97' (1H, broad s) . 
C34)7-[2-(2-FQrmamido-5-chloratliiazol-4-yl3 -2-propargyloxy- 
imino ace tami do ] -3-Cl-jneth.yl-lH-tetTazoL-S-yl) thiomethyl- 
3-cephem-4-carboxylic acid Csyn. isomer) . 

IR (Nujol) : 3230 , 2130, 1780 r 1720, 1680 cm" 1 
NMR (IIMSO-dg, &) r 3.51 (1H, m) , 3.73 C2H, m) „ 
3.96 (3H, s), 4-.34 C2H, m) , 4.79 (2H, d„ 
J-2.0HZ), S.16 C1H, d„ J«S.0Hz), 5.83 (1H, 
dd„ J»S.0Hz, 8.0Hz), 8.56 (1H, s) , 9.74 
C1H„ d, J»8.0Hz) , 12.98 (1H, broad s) 
C35) 7-C2-(2-Formamido-S-chlorotMazol-4-yl) -2- 

.propargyloxyimiaoacetamido ] -3- CS -methyl-1 ,3,4- 
tbiadiazol-2-yI) thiomethyl -3-cephem-4-carboxylic 
acid Csyn. isomer) 

IR (Nujol) : 2120, 1780, 1715, 1670 cm" 1 
NMR (DMSO-dg, 6) r 2.69 (3H, s) , 3.50 (1H, m) , 
3.68 (2H„ m)„ 4.40 (2H* q, J-14Hz) , 
4.81 (2H, m), 5.16 (IH, d, J-S.OHz), 
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5.83 (1H, dd, J-S.OHz, 8.0Hz), 8.56 
(1H, s), 9.73 (1H, d, J-8.0HZ), 12.96 
C1H, s) 

(36) 7- [2-(2-Forittamido-S-chlorothiazol-4-yl) -2-(2- 
cyclopenten-l-yl) oxyimino ace tamido ]-3-(l,3,4- 
thiadiazol-2-yl) tniomethyl-3-cephem-4-carboxylic 
acid (syn isomer) * 

IR (Nujol) : 3170, 1770, 1670, 1540 cm" 1 - 
NMR (DMSO-dg, 6) : 1.86-2.50 C4H, m) , 3.62 

C2H, AB-q, J-17HZ), 4.36 (2H, q, J-13Hz) , 
5.06 (1H, d, J«5Hz), S. 20-5. 36 (1H, m) , 
S.S6 - 6.16 (3H, m), 8.42. (1H, s) , 
9.44 (1H, s), 9.46 (1H, d, J»8Hz) , 
12.70 (1H, s) 

(37) 7- £2-(2-Amino-S-cnlorothiazol-4-yl) -2-propargyloxy- 
iminoacetamj do ] cephalosporanic acid (syn isomer). 

IR (Nujol) : 3290', 3200, 2110, 1775, 1720, 
16 7S, 1630 cm" 1 
£38) 7-[2-(2-Amino-5-cnlorothiazol-4*yl) -2-allyloxy- 
iminoace tamido] -3-Cl-n»thyl-lH-tetrazol-5-yl) - 
1&iomethyl-3-cephem-?4-carboxylic acid (syn isomer) 
IR (Nujol) : 3300 , 3200 , 1770, 1670, 1620cm' 1 
(39 ) 7- [2-C2- Amino -5-cnlorotniazol-4-yl) - 2-aIlyloxy- 
iminoace tamido I -3-cepnem-4-carboxyIic acid (syn 
isomer) . 

IR (Nujol) : 3400 , 3250, 3200, 1780, 1665, 
1620 cm" 1 

C40) 7-[2-C2-Amino-5-chlorotniazol-4-yl) -2-allyloxy- 

iminoacetamidol -3-(l,3,4-thiadiazol-2-yl) thiomethyl- 
3-cephem-4-carboxylic acid Csyn isomer) . 

IR (Nujol) ; 3300 , 3200, 1775, 1670, 1620 cm" 1 

( 41) 7-[2-(2-Amino-S-chlorotttiazol-4-yl) -2-propargyloxy- 
imittoacetamidoI-3-cephem-4-carboxylic acid (syn ** 
isomer) 
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IR (Najol) : 3400, 32S0, 3200, 2100, 1780, 
1670, 1620 cm" 1 
C 42) 7- [2-(2-Amiao-5-chlorothia2ol-4-yl) -2-propargyloxy- 
imiiioacetanddo] -3-(l-meth.yl-lH-tetrazol-5-yl) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer) 
IR (Nujol) : 3290, 3200, 2110, 1775, 1675, 
1620 cm" 1 

(43) 7- [2-C2-Ajnino-5-chlorothia20l-4-yl) -2-propargyloxy- 
iminoacetamido] -3-C5'"»thyl-L»3,4-thiadiazol-2-yl) - 
tb.iometh.yl- 3 -cephem- 4-carboxy lie acid Csyn isomer) . 

IR CNujol) : 3280, 3180,2100,1775,1675,1620 cm" 1 
£4 ] 7- [2-(2-Amiao-5-chlorotliiazol-4-yl) -2- (2- 

cyclopenten-l-yl) o xyimiao ac& t ami do ] -3- (1 , 3 , 4- 
thiadiazol- 2-yl) thiomethyl- 3 - cephem-4 -carboxylic 
acid (syn. isomer) 

IR (Nujol) : 3300, 3170, 1770, 1670, 1530 cm" 1 

(45 ) 7- [2- ( 5-Chloro-2-trif liioroacetamido-thiazol-4 
-yl) - 2-propargy loxy im r noacatamido ] -3- tS- 
carboxyinethyl-^-methylthiazol^-yl) thiomethyl 
-3-cephem-4-carboxylic acid(syn isomer) . 

Ht (Nujol) s 1770, 1710, 1670 (broad) cm" 1 
NMR (DMSO-dg, $) r 2.23 (3H, s) , 3.47 (1H, m) , 
3.65- (2H,q, J=*19.0Hz) , .3.74 (2H,s) , 
4.27 (2H,q,J»14.0Hz), 4.78 (2H,d,J=2.0Hz) , 
5.12 (1H, d, J=5.0Hz), 5.80 (1H, d-d, 
J=5.0Hz, 8.0Hz), 9.73 OH, d, J=8.0Hz) 

(46) ■ 7- [2- (2-amino-5-chlorothiazol-4-yl) -2-propargyl 
oxy imino- acetamido ] -3- ( 5-carboxymeth.yl-4-methyl- 
thiazol-2-yl) thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer) . 

IR (Nujol) : 3280, 3190, 1770, 1675, 1620 cm" 1 
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(47 ) 7- [ 2- ( 5-chloro-2-trif luoroacetamidothiazol-4-yl) 
-2-ally loxyirainoacetamido] -3- ( 5-carboxymethyl- 
4-methylthiazol-2-yDthiomethyl-3-cephem-4- 

carboxylic acid (syn isomer) . _ 1 
IR (Nujol) : 3170, 1780, 1710, 1655 cm" 
NMR (DMSO-dg, J) : 2.23 (3H, s) , 3-65 (2H, q, 
J-18.0H2), 3.74 ttH, s), 4.29 (2H, q, J=14.0Hz) , 

4.68 (2H, d, J=5.0Hz), 5.12-5.54 (2B, m), : 
5.13 (1H, d, J=4.0Hz), 5.68-6.32 (2H, m) , 

9.69 (1H, d, J=8.0Hz) 

) 7- [ 2- ( 2-aniino-5-chlorothiazol-4-yl) -2-ally lc*yiraino , 
acetamidol -3- ( 5-carboxymethy 1-4-methy lthiazol-2-y 1) 
thiomethyl-3-cephem-4-carb'oxylic acid (syn isomer) . 

IR (Nujol) : 3290, 3190, 1770, 1670, 1620 cnf 1 



EJ22E ^T solution of beazbydryl T.^CS-cbloro-Z- 
^fluoroacetamidothiazol^.yiy^-t-butoxjrcaxbouyl- 
trx£luoroa ,. ffl etbYlthiometh.yl-3-cephem-4- 

caxbo^te Csyu Corner) (4.0 g) i* anisole C* ml) 

Z Z ^trifluoroacetic acid (II ml) . The 
was ^*^^ szLm± at ambler temperature 
reaction mixture »as 

for Z S hours and then «as dropwise added to 
5 SL^Lpyl .th.r CSOOal). The precipitates were 

5 filtration - — *"-«- wl 

SO cephe*-*-car.o*ylic acid Csya Im-I C" d j 
n CHulol) : JMO, IT". 1717. - 
NMR (DMSO-d* y ») ■■ C3H. «) • *•« <«' "° " 

Tro & broad s), S.ZO C1H. d, MM).. 
S.83 C1H, dd, J-SHI, 9Hr), 9.S« C1H, d, 
35 J-9HI) 
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^Nitrobenryl 7- [2- (S-chloro-2-formamidothiazol- 
4-yl) -2-t-butoxycarbonylmethoxyiniinoacetainido] -3- 
chloro-3-cephem-4-carboxylate (syn isomer) (6-2 g) 
was dissolved in a mixed solution of methanol (60 ml) , 
tetrahydrofuran (40 ml) an* glacial acetic acid (0.5 
ml). After adding 10* palladium carbon (3.1 g) to 
the solution,, the mixture was subjected to catalytic 
reduction at room temperature under atmospheric 
pressure. The catalyst was* filtered off, and the 
filterate was concentrated under reduced pressure. 
Water and ethyl acetate were added to the residue 
and the mixture was adjusted to pH 7.5 with 
saturated aqueous sodium bicarbonate. The separated 
aqueous layer was adjusted to pH 2.0 with 10% hydro- 
chloric acid and extracted with ethyl acetate . 
The extract layer was washed with saturated aqueous 
sodium chloride and dried over magnesium sulfate. 
The solvent was evaporated to give 7- [2- (5-ch.loro- 
2 - f ormamido thiazol -4-yl) -2- t-butoxy carbonylme thoxy - 
iminoace tamido I - 3-chloro - 3-cephem-4 -carboxylic acid 
(syn isomer) C*.03 g) . 

IR (Nujol) : 177S, 1720, 167S cm" 1 
NMR. (DMSO-dg, 5) : 1.47 (9H, s) , 3. 85 (2H, q, 
J»18.0Hr), 4.66 (2H„ s) , 5.33 (1H, d, 
J-S.QHz), 5.92 (1H„ d-d, J»5.0Hr 8.0Hz), 
8.57 (1H, s), 9.71 (1H, d, J»8Hs) , 
12.94 (1H„ broad s) 



Example 9. 

The following compounds were prepared according 
to the similar manners to these of Examples 7 and 8 . 
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(1) 7- [2-(S-Chloro-2-£ormamidotliiarol-4-yl) -2- 
t-butoxycarbonylmethoxyiminoace tamido ] -3- 
methyl-3-ceph.em-4-carboxylic acid (syn isomer) . 

IR (Nujol) : 3170, 1775, 1720, 1775 cm" 1 

(2) 7- [2-(2-Amino-5-chlorothiazol-4-yl) -2-t-butoxy- 
carbouylmethoxyiminoace tamido] -3-methyl-3-cepaem- 
4-carboxylic acid (syn isomeT) . 

IR (Nujol) : 177S, 1725, 1680, 1610 cm" 1 

* (3) 7-[2K2-Amino-5-chlorothiazol-4-yl)-2- 

carb oxymet&oxy imiaoace tamido ] - 3 -me thyl- 3 -cephem- 
4-carboxylic acid (syn. 'isomer) . 

IR (Nujol) : 3400, 3300, 3200 „ 1775, 1730, 
1630 cm" L 

(4) 7-[2-(5-Chlaro-2-formamidothiazol-4-yl) -2-t- 
butoxycarbonylmethoxyiminoace tamido] - 2 -me thy 1- 
3-cepbem-4-carboxylic acid (syn isomer). 

IR (Najol) : 1780, 1720, 1675, 1630 cm' 

(5) 7- L2-(2-AmiJio-5-chlarot±iazol-4-yL) -2-t-butoxy- 
caxbonylmei±oxyiminoace tamido J -2-metnyl-5- 
cephem-4-carboxylic acid (syn isomer) .. 

IR (Nujol) r 3260, 3170, 1770 , 1720, 1680 , 
1630 cm" 1 

(6) 7- [2- (2-Amino-5-cb2arothiazol-4-yl) -2-carboxy- 
metbjjxyiminoacetamxdo ] -2-metnyl-3-cephem-4- 
carboxyLic acid (syn isomer) . 

IR (Nujol) : 3400, 3260, 3190, 1780, 1730, 
1690, 1660, 1620 cm" 1 
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C7) 7- [Z- CZ-Amiao-5-cnlorothiazol-4-yl) -2-t- 

butoxycarbonylmethoxyiminoacetamido]-3-chloro- 
3 -cephem-4 -carboxylic acid (syn. isomer) . 

IR (Nujol) : 3260, 1770, 1715, 1675, 1620 cm" 1 

5 

(8) 7-[Z-(2-Amino-5-chlor6't3iiazol-4-yl)-2-carboxy- 
methoxyiminoaceramido] - 3-chloro - 3-cephem-4 - 
carboxylic acid (syn isomer) . 

IR (Nujol) : 3400 , 3270, 3200, 1780, 1720, 
10 1685, 16 55, 1620 cm" 1 

C9) 7- [Z-(5-Oiloro-Z-formaiiddothiazol-4-yl) -Z-t- 

butoxycarbouylmetiioxyixunoacetamido] -3-methoxy- 
3-cephem-4-carboxylic acid (syn isomer) . 
15 IR (Nujol) : 1770, 1720, 1670 cm" 1 

NMR CBMS0-d 6 , d) : 1.43 (9H, s) , 3.61 (2H, s) , 
3.74 (3H, s), 4.6* (2H, s) , 5.14 (1H, d, 
J»4.0Hz), 5.66 (1H, d-d, J«4.0Hz 8.0Hz), 
8.52 (1H, s), 9.45 (1H, d, J«8.0Hz), 
20 1Z.87 (1H, broad s) 

(10) 7- [2- CZ-Amino-5-chloro thiazol-4-yl) -Z- 1- 
b a toxycarbonylmetho^imiaoacetamido ] -3-metIioxy- 
3-cephem-4-carboxylic acid (syn isomer) . 

Z5 IR (Nujol) : 3ZS0, 3150, 1760, 17Z0, 

1670, 1610 cm" 1 

(11) 7- [Z-CZ-Amino-S-clilorothiazol-4-yl) -Z-carboxy- 
met&oxyiminaacetamidoJ-3-metb.oxy-3-cephem-4- 

30 carboxylic acid (syn isomer) . 

IR (Nujol) : 3280, 3180, 1760, 1670, 1610 cm" 1 

(12) 7- [Z-C2-Amino-S-clilorotliiazol-4-yl) -Z-carboxy- 
35 cephem-4-caxboxylic acid (syn isomer) . 
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IR (Nujol) : 3400, 3250, 177S, 1718, 1690, 
1656 cm" 1 

(13) 7- [2-(S-Chloro-2-£ormamidothiasol-4-yl)-2-(3- 

5 t -butoxycarbonyl-2-propenyloxyimino) acetamido] - 

3-cephem-4-carboxylic Icid (syn isomer) . 
IR CNujol) : 1775, 1675 (broad) - cm". 

(14) 7- £2- (2-Amino-5-caloro tniarol-4-yl) -2- (3-t- 

10 fcutoxycarbonyl-2-propenyloxyimino) acetamido] -3- 

cephem-4-carboxylic acid (sya isomer) . 

IR (Nujol) : 3280, 3170, 1770, 1680 (broad), 



1620 cm" 1 



IS (15) 



20 



7- [2-(2-Amino-S-chlorotliia2ol-4-yl) -2-(3- 
carboxy-2-propenyloxyimino) acetamido] -3- 
cephem-4-carboxylic acfd (syn isomer) 

IR (Nujol) : 3200, 1775, 1660, 1630 cm' 

(16) 7-[2-(S-Cbloro-2-£ormamidothiazol-4-yl) -2-(3- 
t-butoxycarbonyI-2-propenyloxyimino) acetamido] - 
3-(l,3,4-tkiadiazal-2-yl) tliiometh.yl-3-ceph.em-4- 
carboxylic acid (syn isomer) . ^ 

IR (Nujol) : 1775, 1680 (broad) -cm" 

(17) 7-[2-(Z-Amino-5-chlorothiazol-4-yl) -2-(3-t- 
butoxycarbonyl-2-propenyloxyimino) acetamido] -3- 
q 9 3 y 4-tniadiazoI-2-yl) thiometnyl - 3-cephem-4- 
carboxylic acid (syn isomer) - ^ 

30 ir (Nujol) : 1775, 1680 (broad), 1615 -cm" 

(18) 7-[2-(2-Amino-5-chlorothiatol-4-yl)-2-(3- 
carboxy-2-propenyloxyimino) acetamido 1 - 3- (1 , 3 ,4- 
thiadiarol-2-yl) tdxiometh.yl-3-ceph.em-4- 

35 
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carboxylic acid- (syn isomer) . 

IR (Nujol) : 3300, 3200, 1770, 1670, 1630 cm" 1 

(19) 7- [2-Allyloxyimino-2-(5-ciaoro-2-trifluoroacet- 
amidothiazol-4-yl) acetamido] -3-(l-carboxymethyl- 
IH-te trazol -5-yl) th.iometh.yl - 3-cephem-4 - 
carboxylic acid (syn isomer) . 

IR (Nujol) : 3Z10, 1790, 1720, 1660 cm" 1 

(20) 7- [ 2 - Ally loxyimino - 2 - (2-amino-5-clLlorotIiiazol-4- 
yl) acetamido] -3- Cl-^rbdxymethyl-lH-tetrazol-S- 
yl) l^omel±yl-3-cephem-4-carboj^lic acid (syn 
Isomer) . 

IR (Nujol) : 3250, 176S, 1660, 1620 cnf 1 

(21) 7-[2-(2- 
forToamido--S-chlorothiarol-4-yl)-2-tert-butoxycarbonyl- 
me thoxyimino acetamido] -3- (1, 3,4-thiadiazol-Z-yl) • 
th±ometh.yl-3-cepheia-4-carboxylic acid (syn isomer) 

IR (Nujol) : 177S, 1710, 1670 cm" 1 

(22) 7- [2-C2*formamido-S-cIiloroidiiarol-4-yl) -2-tert- 
b ut o xycarb ony 1 me tlio xyimino ace tami do ] -3-cephem-4- 
carboxylic acid (syn isomer^ mp 145 to 149 °C 
(dec*) * 

IR (Nujol) : 3200, 1775, 1720, 1670 cm -1 

( 23) 7- [2-(2-Formamido-5-chlorothiarol-4-yl)-2- 

propargyloxyiminoace tamido ] - 3- (1 ,3 , 4-thiadiazol- 
2-yl)thiomethyl-3-cephem- 4- carboxylic acid (syn 
isomer) • 

IR (Nujol) : 3250, 2120, 1770, 1760 cuf 1 



56 



0055465 



(24) 7- [2-(2-Formamido-5-cnlorothiazol-4-yl) -2-" (1-tert- 
• b utoxycarbonylethoxyimino)acetamido] -3-cephem-4- 
carboxylic acid (syn isomer). ^ 
IR (Nujol) : 31S0, 1770, 1720, 1670 cm 

( 25) 7-[2-(2-Amino-S-chlorothiazol-4-yl)-2-tert- 

butoxy carbony lme thoxyimino ace tami do ] - 3 - ( 1 , 3 , 4 - 
thiadiazol-2-yl) tniomethyl-3-cephem-4-carboxylic 

acid (syn. isomer). 

IR (Nujol) : 3150, 1770, 1720, 1670, 1610- cm 

(26) 7-[2-(2-Amino-S-cblorothiazol-4-yl)-2-terv 

b uto xy carb onylme thoxyimino ace tami do ] - 3 - cephem- 4 - 
carboxylic acid (syn isomer), mp 180 to 18S°C (dec;) 
IR (Nujol) : 3230, 1775, 1728, 1680 cm" 1 

(27) 7-[2-(2-A-mino-S-calorothiazol-4-yl)-2-(l-tert- 
butoxycarbonylethoxyimino) ace tami do] -3-cephem-4- 
carboxylic acid (syn isomer). 

IR (Nujol) : 3280, 3180, 1775, 1720, 1670, 



1630 cm" 1 



(28) 



7-[2-(2-Amino-S-chlorothiazol-4-yl)-2-propargyloxy- 
imiaoace tamido ] -3- (1 , 3 , 4-thiadiazol -2-yl) thiome thyl- 
3-cephem-4-carboxylic acid (syn isomer). 
IR (Nujol) : 3280, 3190, 2100, 1770, 1670, 
1620 cm" 1 

(29) 7-[2-(2-Amino-5-chlorotaiazol-4-yl) -2-carboxy- 
methoxyiminoace tamido] -3- (1,3,4- thiadiazol-2-yl) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

IR (Nujol) : 3360, 3240, 1775, 1675, 1630 cm" • 

(30) 7-[2-(Z-Amino-S-chlorothiazol-4-yl) -2-carboxymethoxy- 
• iminoacetamido]-3-cepnem-4-carboxylic acid (syn 

isomer), mp 165 to 167°C (dec). 
IR (Nujol) : 3260,. 1760, 1670 cm" 1 
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(31) 7- [2-C2-Amino-5-chloroth.iazol-4-/l) -2- (1- 

carboxyethoxyixnlno )acetamldol -3-cephem-4- 
carboxylic acid (syn isomer) . 

IR (Nujol) : 3250, 3190, 1775, 1665, 1620 cm" 1 

(32) 7-[2-(2,2,2-tri£luoTaacetamido)-5- 
cnlorotb.iazol-4-yl] -2-pro^argyloxyiminoacetamido] - 
cephalosporanic acid (syn isomer, 2.51 g). 

""" IR (Nujol) i 3200 ,"2130 , 1790, 1735, 1715, 1665, 

1625 cm" 1 

(33) 7- [2-(2-Formamid0-5-chJ.orotaiazol-4-yl) -2-allyloxy- 
iminoacetamido] -3-(l-methyl-lH-tetrazol-5-yl) - 
t&iomethyl-3-cepnem-4-carboxylic acid (syn isomer). 

' IR (Nujol) : 3200 , # 1775, 1670 cm" 1 
C 3* V- [2-(2 -Formamido -5-chloro thiazol -4-yl) -Z-allyloxy- 
iminoace tamido ] - 3- cephem- 4 -carboxylic acid (syn 
isomer) . . 

IR (Nujol) : 3200, 1780, 1760, 1720, 1670, 
1650 cm" 1 

C35) 7- [2-(2-Formamido-5-chJ.orothiazol-4-yl) -2-allyloxy- 

imino ace tamido ] - 3- (1 , 3 , 4 - tEiadi azol -2 -yl) thi ome thyl - 
3 -ceph.em-4 -carboxylic acid (syn isomer). 
IR (Nujol) : 3160, 1780, 1680 cm' 1 

Q6) 7-[2-(2-Formamida-5-cbJ.orat±±azal-4-yr) -2-propargyl- 

oxyiminoace tamido J -3-cephem-4-carboxylic acid 
(syn. isomer). 

IR (Nujol) : 3300, 3200, 1780, 1710, 1670, 
_ 16S0, 1630 cm" 1 

(37) 7- C2-(2-Formamido-5-chlorothia20l-4-yl) -2-propargyloxy- 
imijiQacetamidoI-3-(L-metb.yl-lH-tetrazol-S-yl)tliianiethyl- 
3- ceph.em-4 -carboxylic acid (syn isomer) . 

IR (Nujol) r 3230, 2130, 1780, 1720, 1680 cm" 1 

(38) 7-[2-(2-Formamxdo-S-cnlorotniazol-4-yl)-2- 

.-p rop argy loxy imiao ace tami do] -3- (5 -me thy 1 -1,3,4- 
thiadiazol-2-yl) thiometayl -3-cephem-4 -carboxylic 
acid (syn isomer) 

IR (Nujol) : 2120, 1780, 1715, 1670 cm" 1 
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C 39) 7 ~ [2 - (Z -Formamido-5 -chloro thiazol-4 -yl) -2-(2- 
cyclopenten-l-yl) oxyiminoace tamido ]-3-(l,3,4- 
thiadiazol-2-yl) thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer) 

IR (Nujol) : 3170, 1770, 1670, 1S40 cm" 1 
(40) 7- [2-(2-Aadno-S-chlorothiazol : 4-yl) -2-propargyloxy- 
iminoacetamidolcephalosporanic acid (syn isomer),. 
IR (Nujol) : 3290* 3200, 2110, 177S, 1720, 
16 7S, 1630 cm" 1 
C41) 7" [2 - C2 -Amino - 5 -cnloro thia ro 1 -4 -y 1) -2-allyloxy- 
iminoacetamido] -3-(l-methyl-lH-tetrazol-S-yl) - 
thiomethyl-3-cephem-4-carboxylic acid Csyn isomer) 
IR (Nujol) : 3300, 3200, 1770, 1670, 1620cm" 1 

(42) 7-[2-(2-Amino-5-chlorothiazol-4-yl) -2-allyloxy- 
iminoacetamido]-3-cephem-4-carboxylic acid (syn 
isomer) . 

IR (Nujol) : 3400, 3250 , 3200, 1780, 1663, 
1620 cm" 1 

(43) 7- [2-(2-Amino-5-chlorotb.iazol-4-yl) -2-allyloxy- 
imiaoacetaaido] -3-(l,3,4-thiadiazol-2-yl) thiomethyl- 
3-cephem-4-carboxylic acid (syn isomer) . • 

IR (Nujol) : 3300, 3200, 177S, 1670, 1620 cm" 
( 44> 7-[2-(2-A2rino-5-cUorothiazol-4-yl) -2-propargyloxy- 
imittoacetamidoI-S-cephem-4-carboxylic acid (syn 
isomer) 

IR (Nujol) : 3400, 3250, 3200, 2100, 1780, 
1670, 1620 cm" 1 

(45) 7- [2-(2-Amino-S-cbaoratIiiazol-4-yl) -2-propargyloxy- 
iminoacetamido]-3-(l-methyl-lH-tetrazol-5-yl) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer) 

IR (Nujol) : 3290, 3200, 2110, 1775, 16 7S, 
1620 cm" 1 

(46) 7- [2-(2-Amino-5-chlorothiazol-4-yl) -2-propargyloxy- 
iminoacetamido] -3- (5-methyl-l, 3,4-thiadiazol-2-yl) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

IR (Nujol) : 3280, 3180,2100,1775,1675,1620 cm" 
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(47) 7- [2-C2-Ajniao-S-chlorothiazol-4-yl) -2- (2- 
cyclopenten-1 -yl) oxyiminoace tamido ]-3-(l,3»4- 
thiadia2ol-2-yl)tliiomethyl-3-cephem-4-carbox)rlic 
acid (syn isomer) 

IR (Nujol) : 3300, 3170, 1770, 1670, 1530 cm" 1 

(48) 7— [2- (S-Chloro-2-trif luoroacetamido-thiazol-4 
-yl) -2-propargyloxyiminBacatamido}--3- (5- 
carboxymethyl-4-methylthiazol-2-yl) thiomethyl 
-3 -cephem- 4-carboxylic acid(syn isomer) . 

IR (Nujol) r 1770 , 1710, 1670 (broad) cm" 1 

(49) 7- [ 2— ( 2-amino-5-chlorothiazol-4-»yl) -2-propargyl 
oxyimino- acetamido ] -3- ( 5-carboxymethy 1- 4-methy 1- 
thiazol-2-yl)thiomethyl—3-cephem-4-car boxy lie 
acid (syn isomer) • 

IR (Nujol) : 3280, 3190, 1770, 1675, 1620 cnT 1 

(50) 7- [2- (5-chloro-2-trifluoroacetamidothia2ol-4-yl) 
-2-ally loxyiminoace tamido 1 —3— (5-carboxymethyl- 
4-methylfchiazol-2-yl) thiomethyl- 3-cephem- 4- 
carboxylic acid (syn isomer) • 

IR (Nujol) : 3170 , 1780, 1710, 1655 cnT 1 

(51 ) 7- [2- ( 2-amixio-5-chlorothia2ol-4--yl) -2-allyloxyimino 
acetamido] -3- (5-carboxymethyl-4-methylthiazol-2-yl) 
thiomethyt-3-cephem-4-carboxylic acid (syn isomer) . 

IR (Nujol) r 3290, 3190, 1770, 1670, 1620 cm* 
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Example 10 

A mixture of 7- [2-(5-chloro-2-formamidothiazol) - 
4-yl) -2-t-butoxycarbonyljaet±x)xyiminoace tamido] -3- 
methyl-3-cephem-4-carboxylid acid (syn isomer) (2.9 
g) in met hano l (30 ml) and cone, hydro cliloric acid 
[1.1 g) were stirred for 3 hours at ambient temperature. 
The reaction mixture was added ta a. mixture of ethyl 
acetate and water and adjusted to pH 7.5 with 
saturated aqueous sodium bicarbonate The separated 
aqueous layer was adjusted to pH 3.0 with 10% 
aqueous hydro chl oric acid and saturated with sodium 
chloride. The acidic mixture was extracted with 
ethyl acetate-tetrahydrofuran (1:1)* The extract 
layer was washed with saturated aqueous sodium 
chloride, dried over magnesium sulfate and evaporated 
to give 7-[2-(2-amino--5-chlorotlLiarol-4-yl) -2-t- 
butoxycarb any line thoxy imino ace tamido ] -3 -methyl- 3- 
cephem-4-carboxylic acid (syn isomer) (2.41 g) . 
IR CNujol) : 1775, 1725, 1680, 1610 cm* 1 
KMBL OMSQ-& 6 r «) : 1**3 s) , 2.01 (3H r s) , 

S.45 (2H r m), 4.58 (2H„ s) , 5.07 OH, d, 
J«4.GHz), 5.72 (1H„ d-d„ J~4.0Hz a.OHz) r 
7.S6 (2H, broad s)„ 9.29 (lH f . d) 



25 Example 11 

A solution of 7-[2-(5-chloro-2-trifluoroacetamido- 
thiazol-4-yl) -2-carboxyatothoxyiminoace tamido ] -3- 
methyl thiomethyl - 3-cephem-4 -carboxylic acid (syn 
isomer) (2.5 g) and sodium acetate (5.6 g) in water 

30 (25 ml) was stirred at ambient temperature for IS 

hours. The resultant solution was washed with ethyl 
acetate and the separated aqueous layer was treated 
with active -charcoal. 
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And the aqueous layer was adjusted to pH 2.3 with 
10% hydrochloric acid. The precipitates were 
collected by filtration and washed with water. 
The precipitates were dried under reduced pressure 
to give 7-[2-(2-amino-5-chlorothiazol-4-yl)-Z- 
carboxyme thoxyiminoace tanido] -3-methyl'thiome thyl -3- 
cephem-4-carboxylic acid (syn isomer) (1.7 g) . 
IR (Nujol) : .3400, 3ZS0, 1775, 1718, 1690, 
1656 cm" 1 

NMR (DMSO-d 6 , 6) : 2.00 (3H, s) , 3.60 (4H, 

broad s) , 4.63 (2H, broad s) , 5.19 (1H, d, 
^»SHr), 5.80 C1H, dd r J-SHz^Hz) , 9.43 (1H, 
d, J«8Hz) 



Example \? 

A mixture of 7- [2-(2-£ormamido-5-chlorothiazol-4- 
yl) -z-tert-hutoxycarbonylmethoxyiminoacetamido) - 5- 
(1,3,4- thiadiazol-2-yl) thiome thy l-3-cephem-4-carboxylic 
add Csyn isomer) (3.6 g) in methanol (36 ml) and cone, 
hydrochloric acid (1.1 g) was stirred for 3.0 hours at 
ambient temperature. The reaction mixture was added 
to water and ethyl acetate, and adjusted to pH 7.S with 
a saturated aqueous solution of sodium bicarbonate. 
The aqueous layer was separated and adjusted to pH 3.0 
with 10% aqueous hydrochloric acid, and then extracted 
with ethyl acetate. The extract was washed with a 
saturated aqueous solution of sodium chloride, dried 
over magnesium sulfate, and evaporated to give 7-[2- 
(2.amino-5-chlorothiazol-4-yl)-2-tert-butoxycarbonyl- 
me thoxyiminoace tamido ] - 3- (1 , 3 ,4 -thiadiazol- 2-yl) - 



-62- 



0055465 



t&idmethyl-3-cephem-4-carboxylic acid (syn isomer) 
(2.62 g). 

IR (Nujol) : 3150, 1770, 1720, 1670, 1610 cm 
NMR (DMSO-d 6 , «) : 1.44 (9H, s) , 3.70 C2H, m) , 
4.44 (2H, m), 4.S7 (2E, s) , 5.13 (IK, d, 
J-S.OHz), 5.81 (19, dd, J=S.0Hz, 8.0Hz), 
7.41 (2H, broad s)* 9.42 (1H, d, J-8.0HZ), 
9.56 (1H, s) 

Example i? 

To a solution, of 7- [2- (^-foraamido^-chlorothiazal- 
4-yl) -2-tert-butoxycarbonylmethoxyimnoacetamidoI-3- 
cephem-4-carb.oxylic acid (syn isomer) (2.1 g) in methanol 
(50 mL) was added cone- hydrochloric acid (1.35 ml) at 
32 to 35 °C. The mixture was stirred for an hour at the 
same temperature* The resultant solution was adjusted 
to pH 5.0 with "a saturated aqueous solution of so dium 
bicarbonate. After removing the solvent, the residual 
insoluble precipitates were collected by filtration. 
The precipitates were washed* with water and dried over 
phosphorus pentoxide to give 7- [2-(2-amino-5-chlorothiazol 
4-yl) -Z-tert-butoxycarbonylmethoxyimiuoacetamido] -3- 
cephem-4-carbaxylic acid (syn isomer) (1.8 g) , mp 180 

to 18S a C (dec.)- 

IR (Nujol) : 3230, 1775,. 1728, 1680 cm" 1 
NMR (DMSO-dg, «) : 1.44 (9H, s) , 3.56 (2H, m) , 
4.S6 (ZH, s), 5.07 (1H, d, J-5Hz) , S.82 
(1H, dd, J»SHz, 8Hz), 6.46 (1H, m) , 9.33 
(1H, d, J-8HZ) 

Example 14. 

A mixture of 7-[2-[Z-(2,Z,Z-triflttoroacetamido) - 
S -chlorothiazol-4-yl] -2 -p rop ar gy 1 0 xy imino ac e t ami do ] - * 
cephalosporanic acid (syn isomer, 2.4 g) and sodium 
acetate (6.3 g) in water (60 ml) and te trahydro furan 
(2 ml) was stirred for 20 hours at ambient temperature. 
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The reaction mixture- was adjusted to pH 3.0 with 10% 
hydrochloric acid and extracted with a mixture of ethyl 
acetate and tetrahydrofuran (1:1). The organic layer 
was separated, washed with a saturated aqueous solution 
of sodium/ chloride and dried over magnesium sulfate. 
The solution was evaporated under reduced pressure to. 
give. 7-[2-(2-amina-5-chlorathiazol-4-yl) -Z-propargyloxy- 
iminoace tamido I cephalospor anic acid (syn isomer, 1*09- g) . 
IR (Mujol) : 3290 „ 3200, 2110, 1775, 1720, 

16 75, 1630 of 1 
MMR (DMSO-dg^ «) r 2.04 (3H» s) , 3.41-3.66 (3H,. m) , 
4.51-5.00 (4H, m) r 5.13 (1H, d„ J«4.0Hz) , 
5.78 (IH, dd r J~4.0Hr, a.OHz) , 7.31 (2H, 
hroad s) , 9.59 (1H, d, J*8.0Hz) 

Example i^ 

A mixture of 7- [Z-(Z-formanddo-5-chlorothiazol-4- 
yl) -2-allyloxyijaittoacetamido]-3-(l-me'dtyl-lH-tetrazol- 
5-yl) thiomethyl-3-cephem-4-carboxy p lic acid (syn isomer, 
1.5 g) in methanol (IS ml) : , and cone, hydrochloric acid 
(0.52 g) and te trahydr a fur an (3.0 ml) was stirred for 
3.Q hours at ambient temperature. The reaction mixture 
was added ta water and ethyl acetate, and adj listed to - 
pH 7.5 with a saturated aqueous solution of sodium 
bicarbonate. The aqueous layer was separated and adjusted 
to pH 3.0 with 10% hydrochloric acid, and then extracted 
with ethyl acetate. The extract was washed with a 
saturated aqueous solution of sodium chloride, dried 
over magnesium sulfate, and evaporated under reduced 
pressure ta give 7- [2-(2-amino-5-chlorothiazol-4-yl) -2 m 
allyloxyiminoa^tamidoI-3-(l-methyl-lH-tetrazol-S-yl) - 
thiomethyl-5-cephem-4-carbo5cylic acid (syn isomer, 1.02 -g). 
IR (Nujol) : 3300,. 3200, 1770, 1670, 1620 cm" 1 
MMR (DMS0-d 6# 5) : 3.68 (2H> m) , 3.93 (3H, s) , 

4.30 (2H r m), 4. 59 (2H, d„ J-S.OHz), 5.06-5.55 
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CZH, fl), 5-09 (1H, d, J-S.OHz), 5.63-6.29 
C1H, m), 5.76 C1H, dd r J-S.OHz, 8.0Hz), 7.30 
(2H, broad s) , 9.50 (1H, d, J-8.0Hz) 



Example 16 

The following compounds were prepared according 
to the similar manners to those of Examples 10 to IS 
CI) 7- [2 - C2-Amino -5 -chloro thiazol -4 -yl) -2-carboxy- 
methoxyiminoacetamido] -3-methyl-3-cephem-4- 
carboxylic acid (syn isomer). 

IR CNujol) : 3400, 3300, 3200, 177S, 1730, 
1630 cm" 1 

(2) 7-£Z-C2-AmittQ-S-chlarothiazol-4-yl) -2-t-botaxy- 
carbony Imethoxyiminoace tamido 1 - 2-methyl- 3- 
cephem-4-carboxylic acid (syn isomer) . 

IR CNujol) : 3260, 3170, 1770, 1720, 1680, 
1630 cm" 1 

NMR CDMSO-dg, «) r 1.28-1.61 C12H, m) , 

3.6S C1H, m), 4.S5 C2H, s) , 5.07 C1H, d, 
J-4.0Hz)„ S.87 C1H„ d-d, J-4Hz,8.0Hz) , 
6.S2 C1H, d, J«6.0Hz), 7.32 C2H, broad s) , 
9.31 C1H, d, J-8.0 Hz) 

(3) 7-[2-C2-Amino-5-chlorothiazol-4-yl)-2- 
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carb oxyme thoxyimino ac e t amldo ] - 2 - me thy 1 - 3 - cephem- 
4-carboxylic acid (syn isomer). 

IR (Nujol) : 3400, 3260, 3190, 1780, 1730, 
1690, 1660, 1620 cm" 1 

S 

C4) 7- [2- (2^Amino-5-clilorol3iiazol-4-yl) -2-t- 

butoxycaxbonylme thoxyimino ace tami do ] -3-chloro - 
3-cephem-4-caxboxylic acid (.syn. isomer) . 

IR CNujol) : 3260, 1770, 1715, 1675, 1620 cm" 1 
10 NMR (DMSO-dg, 5) : 1.43 (9H, s) , 3.77 (2H, 

q, J-9.0Hz), 4-53 (2H, s) , 5.21 (1H, d, 
J«4.0Hz), 5.81 (1H, d-d, J»4.0Hz, 8.0Hz) , 
7.32 (2H, broad s) , 9.47 (1H, d, J»8.0Hz) 

IS (5) 7- [2-(2-Amino-5-chlorathiazol-4-yl) -2-carboxy- 

methoxyiminoacetamido] -3-chlaro-3-cephem-4- 
carboxylic acid (syn isomer) . 

IR (Nujol) : 3400, 3270, 3200, 1730, 1720, 1685, 
16SS, 1620 cm" 1 

20 

C6) 7- [2- C2-Amiii0-5-chlarothiazol-4-yl) -2-t- 

bu£o^y^rbonylmethoxyiminoacetamida] -3-methoxy- 
S-cephem-4-carbaxylic acid (sya isomer) . 

IR CNujol) : 3250, 31S0, 1760, 1720, 1670, 
25 1610 cm" 1 

NMR (DMSO-d 6 , «) : 1.46 (9H, s) , 3.62 (2H, s) , 
3.78 C3H, s), 4.59 C2H, s), S.14 OH, d, 
J-4.0HZ), S.6S C1H, d-d, J-4.0HZ, 8.0Hz) , 
7.37 (2H, broad s) , 9.35 (1H, d, J-8.0Hz) 



30 



C7) 7-[2-C2-Amino-5-chlorothiazol-4-yl)-2-carboxy- . 
methoxyiminoacetamido]-3-methoxy-3-cephem-4- * 
carboxylic acid (syn. isomer) . 

IR (Nujol) : -3280, 3180, 1760, 1670, 1610 cm" 1 



35 
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C8) 7- [2- (2-Amiiio-5-chlOTOthiazol-4-yl) -2- (3-t- 

butoxycarbonyl-2-propenyloxyimino) acetamido J-3- 
cephem-4-carboxylic acid Csyn isomer) . 

IR (Nujol) : 3280, 3170, 1770, 1680 (broad) , 
1620 cm* 1 

NMR (DMSO-dg, 6) : lUl (9H, s) , 3. 56 C2H, m) , 
4.77 CZH, d, J»4.0Hz), 5.08 (1H, d, J-5.0HZ), 
5.83 OB^^-d., J-5.0Hz,8.0Hz), 5.96 (1H, d, 
J»16.0Hr) , 6.46 (1H, m) , 6.86 (IH„ d-t, 
J-16.0H*, 4.0Hz), 7.34 (2H, broad s), 
9.63 (1H, d, J-8.0HZ) 



C9) 7-[2-C2-Amiao-5-chloTOthiazol-4-yl) -2-(3-carboxy- 
2-propenyloxyimino) acetamido 1- 3-cephem-4- 
15 caxboxylic acid (.syn isomer) . 

IB. (Nujol) : 3200, 1775, 1660 , 1630 cm" 

C10) 7-£2-(2-Amino-5-chloTOthiasol-4-yl)-2-(3-t- 

butoxycarbonyl-2-propenyloxyimino) acetamido ] -3- - 
2Q (l,3,4-thiadiazol-2-yl) thiome thy 1 - 3 -c ep hem- 4 - 

caxboxylic add (sya isomer) . ^ 
IE. (Hujal) r 1775, 1680 (broad) , 1615 cm" 
NMR CDMS0-d 6r «) : 1.43 (9H„ s) , 3.64 (2H, m) , 
. 4.43 (2H, q, J»I4.0Kz) , 4.76 (2H, m) , 
25 5.11 (1H, d, J-S.OHz), S.77 (1H, d-d, 

J»S.0Hz 8.0Hz), 5.94 (1H, d, J-16.0Hz), 
6.84 (1H, d-t, J-16.0Hz,4.0Hz), 7.31 (2H, 
broad s), 9.48 (1H, s) , 9.59 (1H, d, 
J-8.0HZ) 

30 

Cll) 7- [2- (Z-Aaiino-S-calorotIiiazol-4-yl) -2- (3- 

carboxy- 2-propenyloxyimiao) acetamido 1 - 3 - CI » 3 , 4 - 
thiadiazol- 2-yl) thiome thyl-3-cephem-4- 
carboxylic acid (syn. isomer) . 
35 IR (Nujol) : 3300, 3200, 1770, 1670, 1630 cm" 
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(12) 7-[2-Mlyloxyimiao-2-(2-amijio-5-chlorothiazol-4- 
yl) acetamido]-3-(l-carboxyiaethyl-lH-tetrazol-5- 
yl) thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer) . 

IR (Nujol) : 32S0, 476S, 1660, 1620 cm" 1 
NMR (DMSO-dg, 5) t 1.68 (2H, broad s) , 

4.38 (2H, q, J-14.QHz), 4.62 (2H, d r J-S.OHz), 
5.04-S.S7 (3H, m), 5.31 (2H, s) , 
5.67-6.32 (IH, a), 5.79 (IH, d-d, J-S.OHz 
8.0Hz), 7.37 (2H, broad s) , 9.59 (1H, d, 
J*8.0Hz) • 

(13) 7- [2-C2-Amiiio-S-chlarothiarol-4-yl) -2-(l-tert- 
butoxycarbonyletfcoxyimina) ace t ami do ] -3-cephem-4- " 
carboxylic acid (syu isomer) . 

IR (Nujol) : 3280, 3180, 1775, 1720, 1670, 1630cm" 1 
NMR (DMS0-d 6 , 6) : 1.22-1.60 (12H, m) , 3.57 

(2H, m), 4.57 (IH, m) , 5.09 (IH, d, J-5.0He), 
5.82 (IH, m), 6.45 (IH, m) , 7.33 (2H, broad s) , 
9.23, 9.37 (IH, d,.J=»8.0Hz) 
CL4) 7-[2-(2-Andno-5-chlorotbiazol-4-yl)-2-propargyloxy- ■ 
iminoacetamido] -3-(l,3,4.-thiadiazol-2-yl) thiomethyl- 
3- cephem- 4- carfa o xy Li c acid (syu isomer) . 
IR (Nujol) : 3280, 3190, 2100, 1770, 1670, 
1620 cm" 1 

NMR (DMSO-dg, 6) : 3.45 (IH, m) , 3.68 (2H, q, 
J-18.0HZ), 4.44 (2H, q, J-14.0Hz), 4.72 
(2H„ m)/5.13 (IH, d, J-S.OHz), 5.77 (IH, 
dd, J-S.OHz, 8.0Hz), 7.38 (2H, broad s) , 
9.55 (IH, s)., 9.61 (IH, d, J-8.0HZ) 
0.5) 7- [2-(2-Amino-S-ch.loroth.iazol-4-yl) -2-carboxy- 

metboxyimiiioacetamido] - 3- (1, 3,4-thiadiazol-2-yl) - * 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer) . 
IR (Nujol) : 3360 , 3240, 1775, 16 75, 1630 cm" 1 • 
NMR (DMSO-d 6 , «) : 3.69 (2H, q, J-18.0HZ), 4.40 
(2H, q, J-13.0HZ), 4.63 (2H, s) , 5.14 (IH, d, 
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J»4.0Hz). 5.82 (1H, dd, J»4.0Hz) , 7.40 (2H, 
broad s), 9. 45 (1H, d, J»8.0Hz), 9.56 (1H, s) 
0.6) 7- [2-(2-Amino-S-chlorotb.iazol-4-yl) -2-carboxymethoxy- 
• iminoacetainido]-3-cephem-4-carboxylic acid (syn 
isomer), mp 165 to 167°C (dec). 
IR (Nujol) : 3260, 1760, 1670 cm' 1 
NMR (DMSO-dg, «) : 3.66 C2H, m) , 4.62 (2H, 
broad s), 5.08 (1H, d, J«5Hz) , 5.83 
(1H, dd, J»5Hz, 9Hz), 6.49 (1H, «) > 
9. SO (1H, d, J-9Hr) 
C17) 7-[2-C2-Amina-5-ch.loro-ch.iarol-4-yl) -2-(l- 
carboxyethoxyiaiiio )acetamido ] -3-cephem«-4- 
caxboxylic acid (syn isomer) . 

IR CNujol) : 3250, 3190, 1775, 1665, 1620 cm" 
NMR (DMSO-dg, 5) : L.38, 1.43 (3H, d, J«7.0Hz), 

3.60 (2H, *)» *- 66 t m > m ) » s » 10 OH, d, 
J-S.OHz), 5. 85 (1H, dd, J-S.OHz, 8.0Hz), 
6.46 (1H, m), 9.29, 9.38 C1H, d, J*8.0Hz) 

(18) 7- [2-(2-Amino-S-caloroth.iazol-4-yl) -2-allyloxyimino- 
acetamido]-5-cepaem-4-carboxylic acid (sya isomer). 

IR (Nujol) r 3400, 3250 , 3200, 1780 r 1665, 
1620 cm" 1 

NMR (DMSO-dg, «) : 3.5S (2H, m) , 4.59 (2H, d, 
J«5.0Hz), S.06 (1H, d, J-S.OHz), S.0S- 
6.28 (3K„ m), 5.80 (1H, d, J»S.0Hz, 8Hz) , 
6.44 (1H, t, J-4.0HZ), 9.49 (1H, d, J-8.0Hz) 

(19) 7- tZ-(2-Asdao-S-chlorothiazol-4-yl) -2-allyloxyimiao- 
acetamidol -3- (l,3,4-taiadiazol-2-yl) taiomethyl-3- 
cepoem-4-carboxylic acid (sya isomer) 

IR (Nujol) : 3300 , 3200, 1775, 1670, 1620 cat" 1 
NMR (DMSO-dg, «) : 3.66 (2H, q, J«16.0Hz) , 
4.41 (2H, q, J-lS.OHz), 4.S9 (2H, d, 
J-S.OHz), 5.04-5. SI (2H, m) , S.10 (1H, 
d, J-5.0HZ) 1 , 5.62-6.34 (1H, m) , 5.75 (1H, 
dd, J-S.OHz, 8.0Hz), 7.30 (2H, s) , 
9.49 (1H, d, J-8.0HZ), 9. SO (1H, s) 
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(20) 7- [2-(2-Amino-S-chloroth.iazol-4-yl) -2-propargyloxy- 
imiaoacetamido]-3-cephem-4-carboxylic acid (syn. 
isomer) . 

IR (Nujol) : 3400, 32S0, 3200, 2100, 1780, 

1670, 1620 cm' 1 
NMR (DMS0-d 6 , «) : 3.43 (1H, m) , 3.52 (2H, m) , 
.. 4.68 (2H, d,**J-2.0Hz), S.04 (1H, d, J»5.0Hz), 
5.77 (IH, dd, J»5.0Hz, 8kOHz), 6.43 (£h, m),- 
7.32 (2K, s), 9. S3 (IH, d, J-8.0Hz) 
C 21) 7- [2-(2-Amiiie-5-cbJ.or^tJiiazol-4-yl) - 2-prop argy lo xy - 
iminoacetamido] -3- (1-me thyl-lH-te trazol - 5 -yl) - 
thi.ometiiyl-3-cephem-4-carboxylic acid (syn isomer) 
IR (Nujol) : 3290, 3200 , 2110, 1775, 1675, 
1620 cm" 1 

NMR (BMSO-dg, 5 ) : 3 - 46 C1H, m) , 3.69 (2H, m) , ' 
3.95 C3H, s), 4.32 (2H, m) , 4.74 (2H, m) , 
5.11 .(IH, d, J«S.0Hz), 5.77 (1H, dd, 
J-5.0HZ, 8.0Hz), 7.37 (2H, broad s) , 
9.63 C1H, d, J»8.0Hz) 
20 C 22) 7-[2-C2-Amino-5-chlorothiazol-4-yl)-2-propargyloxy- 
iminoacetamido ] -3- (S -metn.yl-1 , 3 , 4-thiadiazal-2-y 1) - 
tkiometh.yl-3-cepliem-4-carboxylic acid (syn. isomer) . 
IR CNujol) : 3280, 3X80, 2100, 1775, 1675,, 
1620 cm" 1 

2S NMR (IWSO-dg, 5) : 2.69 (3H, s) , 3.47 (IH, m) , 

5.66 C2H, m), 4.39 (2H, q, J»13.0Hz) , 
4.72 (2H, d, J-2.0HZ), 5.32 (IH, d, J-5.0HZ), 
5.77 (IH, dd, J»5.0Hz, 9.0Hz), 7.38 (2H, 
broad s), 9.61 (IH, d, J»9.0Hz) 
30 (23) 7- (2- (2-Amitta-S-chlorothiazol-4-yl) -2- (2-cyclopeaten.- 
1-yl) oxyimiaoacetamido J - 3- ( 1 , 3 , 4- thiadiazol- 2-yI) - 
t&iomethyl-3-cephem-4-carbaxylic acid (syn. isomer) , 

mp. 155 to 1S8*C (dec). 

IR (Nujol) : 3300, 3170, 1770, 1670, 1530 cm" 1 
35 NMR (BMSO-dg, «) : 1.83-2.50 (4H, m) , 
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3.69 C2H, broad s) , 4. 45 (2H, q, J-13Hz) , 
5.03-5. SO C1H, m), 5.12 (1H, d, J»5Hz) , 
5.60-6.30 C3H, m) , 9.50 (1H, d, J-8Hz) . 
9.S7 C1H, s) 

5 ( 24 ) 7-[2-(2-amino-5-chlorothiazol-4-yl)-2-propargyl 
oxyimino-acetamido] -3- (5-carboxymethyl-4-methyl- 
thiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 

acid (syn isomer) - 

IR (Nujol) t 3280, 3190, 1770, 1675, 1620 cm" 
10 NMR (DMSO-d 6 , I) : 2.24 (3H, s) , 3.45 (1H, m) , 

3.63 (2H, q, J=18.0Hz), 3.75 (2H, s), 
4.29 (2H, q, J=14.0Hz), 4.72 (2H, d, 
j«2.0Hz), 5.11 (1H, d, J=5.0Hz), 5.78 
(1H, d-d, J=5.0Hz, 8.0Hz), 7.38 (2H, broad s) , 
IS 9.61 (1H, d, J=8.0Kz) 

(25 ) 7- [ 2- ( 2-amino-5-chlorothiazol-4-yl) -2-ally loxyimino 
acetamido I -3- ( 5-carboxymethyl-4-methy lthiazol-2-y 1) 
thiome thy l-3-cephem-4-car boxy lie acid (syn isomer) - 
20 IR (Nujol) : 3290, 3190, 1770, 1670, 1620 cm" 1 

NMR (DMSO-d 6 , S) - 2 ' 24 (3H ' S> ' 3 *" (2H ' 
q, J=18.0HZ), 3.76 (2H, s) , 4.30 (2H, 
q, J=14.0HZ), 4.63 (2H, d, J=»5.0Hz) , 
5.06-5.60 (2H, m) , 5.10 (1H, d, J=4.0Hz) , 
25 5.67-6.33 (1H, m) , 5.78 (1H, d, J-4.0HZ, . 

8.0Hz), 7.34 (2H, broad s) , 9.54 (1H, 
d, J=8.0Hz) 
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Example 17 

Trifluoroacetic acid (9.2 ml) was added to a 
suspension of 7- [2- (2-amino-S-dilorothiazol-4-yl) - 

2- t-butoxycarbonylmethoxyimiiioacetamido] -3-methyl- 

3- cephem-4-carboxylic acid (syn isomer) (2.3 g) in 
dichlorome thane (5 ml) and aadsole (2,3 ml) at 
ambient temperature and the mixture was stirred for • 
l»5 hours at same temperature. To the resulting 
solution was added the isoprapyl ether and stirred* 
The precipitates were collected by filtration,, washed 
with isopropyl .ether. The precipitates were added 

to a mixture of ethyl acetate and water, and adjusted 
to pH 7.5 with saturated aqueous sodium bicarbonate* 
The separated aqueous layer was adjusted to pH 2.2 
with 10% hydrochloric acid under ice cooling* The 
precipitates were filtered off , washed with ice water 
and dried over phosphorus pentoxide in vacuo to give 
T-[2-(2-amino-S-chlorothiarol-4-yl) -2-carboxymethoxy- 
iminoacetamido] -3-methyl-3-cephem-+-carboxylic acid 
(syn isomer) (1.4 g) . 

IR (Nujol) : 3400, 3300, 3200, 1775, 1730, 
1630 cm" 1 

NMR (DMSO-dg, fi.) : 1.02 C3H, s) , 3.46 (ZH, q, 
J»ia.0Hr), 4.64 (2H, s) , 5.10 (1H, d, 
J-4.0HZ), 5.77 (1H, d-d, J»4.0Hs 8.0Hr), 
7.51 (2H, broad s), 9.39 (1H, d, J-8.0Hz) 

Example 18 

Trifluoroacetic acid (10 ml) was added to a 
solution of 7-[2-(2-amino-5-chlorothiarol-4-yl)-2- 
tert-butoxycarbonylmethoxyiminoacetamido] -3- (1,3,4- 
thiadiazol-2-yl) thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer) (2.5 g) in methylene chloride (5.0 ml) and 
anisole (2.5 ml) under ice-cooling, and then the mixture 
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was stirred for an hour at ambient temperature. 
The resulting solution was dropwise added to diisopropyl 
ether C100 ml) and then precipitates were collected by 
filtration. The precipitates were added to a mixture 
of water and ethyl acetate, and adjusted to P H 7.5 with 
10% aqueous solution of sodium hydroxide. 
The aqueous layer was separated and adjusted to pH 2.2 
with 10% aqueous hydrochloric acid to give the precipi- 
tates, which were filtered off and dried over phosphorus 
pentoxide in vacuo to give 7-[2-(2-amino-S-chlorotniazol- 
4-yl) -2-caxboxymethoxyiminoacetamido] -3-C1.3 ,4- 
thiadiazol-2-yi)thiomethyl-3-cephem-4-carboxylic acid 

fsyn isomer) (1.83 g). _x 
IR (Nujol) : 3360. 3240, 1775, 1675, 1630 cm 
NMR CDMS0-d 6 , o) : 3.69. (2H, q, J-I8.OH2) , 

4.40 C2H, q, J-lS.OHx) , 4.63 (2H«, s) , 5.14 
C1H, d, J-4.0HD, S.82 (1H, dd, J»4.0Hz, 
8.0Hz), 7.40 (2H, broad s) , 9.45 (1H, d, 
J-8.0HZ), 9.56 C1H, s) 

20 Ex ample \g 

177 mixture of anisole (2 ml) and trifluoroacetic 

acid (6 ml) was added 7-[2-(Z-amino-S-chlorothiazol-4^ 
yl) -2-teri:-butoxycarbonylmei±oxyTJninoacetamidol -3- 
- cephem-4-caxboxyUc acid (syn isomer) (1.7 g) at 20 to 
ZS°C with stirring. The reaction mixture was stirred 
for an hour at the same temperature. The resultant 
solution was poured into a mixed solvent of dissopropyl 
ether (300 ml) and petroleum ether (100 ml). 
The precipitates were collected by filtration, washed 
30 with petroleum ether, and were dissolved in an aqueous 
solution of sodium bicarbonate at pH 7.5. The aqueous 
solution was washed with ethyl acetate, adjusted to pH. 
2.8 with a diluted hydrochloric acid, and extracted 
with a mixed solvent of ethyl acetate and tetrahydrofuran. 
35 The organic layer was washed with a saturated aqueous 
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solution o£ sodium chloride and dried over magnesium 
sulfate. After removing the solvent in vacuo, diiso- 
propyl ether was added to the residue. The insoluble 
precipitates were collected by filtration to give 7-[2- 
(2-amino-5-chlorothiazol-4-yl) -2-carboxymethoxyimino- 
acetamido]-3-cephem-4-carbox)hJLc acid (syn isomer) (1.2 g) , 
mp 165 to 167°C (dec.)* 

IR (Nujol) : 3Z6Q, 1760, 1670 cm' 1 

NMR CDMSO'dg, «) : 3.66 (2H, m) , 4.62 (2H, broad s) , 
5.08 C1H, d, J-5Hz), 5.83 (1H, dd, J»SHz, 9Hz) , 
6.49 (1H, m) r 9.50 (1H, d, J-9Hz) 

Example 20 

The fallowing compounds were prepared according 
to the similar manner to that of Examples 17 to 19. 
(1) 7- [2- (2 -Amino - S - chla r o thia la 1- 4-y 1) -2-carboxy- 

meiioxy±ninoacetamido ] -2-mel±yl-3-cephem-4 - 

carboxylic acid (syn isomer) . 

IR (Nujol) : 3400, 3260, 3190, 1780, 1730, 

1690,. 1660, 1620 cm" 1 
NMR (DMS0-d 6 , S) r 1.42 (3H, d, J»7.0Hz) , 
3.85 (1H, m), 4.64 (2H, s) , 5.12 (1H, d, 
J-S.OHz), 5.95 (1H, d-d, J»5.0Hz, 8.0Hz) , 
6.57 (1H, d, J»6.0Hz), 7.54 (2H, broad s) , 
9.45 (1H, d, J-8.0HZ) 

A 

(2) 7-C2-(2-Andno-S-chlorothiazol-4-yl)-2-carboxy- 
methoxyiminoace tamido 1 - 5-chloro - 3-cephem-4 - 
carboxylic acid, (syn isomer) 

IR CMujol) : 3400, 3270, 3200, 1780, 1720, 

1685, 1655, 1620 cm" 1 ^ . 

NMR (DMS0-dg,fi) t 3.82 (2H, q, J»18.0Hz), 
4.61 (2H, S), 5.23 (1H, d, J-4.0Hz), 
S.84 (IE, d-d,J-4.0Hz 8.0Hz), 7.37 (2H, 
broad s), 9.49 (1H, d, J-8.0Hz) 
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(3) 7- [2- (2-Amiuo-S-chlorothiazol-4-yl) -2-carboxy- 
m ethoxyimiaoacetamido]-3-methoxy-3-cephem-4- 

carboxylic acid Csyn isomer) . 

IR (Nujol) : 3280, 3180, 1760, 1670, 1610 cm" 
NMR CDMSO-d 6 , 6) : 3.64 (2H, m) , 3.76 (3H, s) , 
4.64 (2H, s), S.15 flH, d, J-4.0HZ), 
5.66 C1H, d-d, J-4.0Hr/8.:0H2), 7.40 (2H„ 
broad s), 9.43 (1H, d„ J»8.0Hz) 

tests: - - - ' 

K^-d-carboxylic acid (syu isomer) . 

C t U£) "oo. m8 ' 1690 ' 

1656 cm 

i-carboxrlic icti Csy» isomer) . . 

4.86 C2S, broad s) , 5.12 tJ*, r 

5.87 C1H, d-d, J-5.0H, f ' • 
J.16.0HZ),6.52 (1H, m),6.96 (1H, d t. 
J.I6.OH2; 4.0HrK 7.79 C2H, broads), 

9.72 C1H, d r J-S.OHr) 

2-prop.«ylox7l«iBO)acetmLdol-3-Cl,S,* 

2 .yi)thio M tkri-3-=«Ti«-*-< : " l > 0 ^ Uc lcid ts? ^ 

isomer) 
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IR (Nujol) : 3300, 3200, 1770, 1670, 1630 cm" 1 
NMR (DMS0-d 6 , 6) : 3.69 (2H, m) , 4.46 (2H, 
q, J-U.OHz), 4.82 (2H, m) , 5.16 (1H, d, 
J-5.0Hz), 5.83 (1H, d-d, J»5.0Hz 8.0Hz), 
6.03 (1H, d, J=16.0Hz), 6.94 (1H, d-t, 
J»16.0Hz, 4.0Hz), 7.41 (2H, broad s) , 
9.58 (1H, s), 9.70 (1H, d, J-8.0Hz) 



10 C8) 7-[2-(2-Aoino-S-chlorothiazol-4-yl)-2-Cl- 

carboxyetaoxyomino) acetamido] -3-cephem-4-carboxylic 

add (syn. isomer). 

IR (Nujol) : 3250, 3190 „ 1775, 166-5, 1620 cm" L 
NMR CDMSO-dg, 6) : 1.58, 1.43 (3H, d, J«7.0Hz) , 
IS 3.60 C2H, m), 4.66 (1H, fit), 5.10 (1H, d, 

J-5.0HZ), 5.85 (1H, dd, J»S.0Hz, 8.0Hz), 
6.49 (1H, at), 9.29, 9.38 C1H, d, J»8.0Hz) 



20 



IS 
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What we claim is : 

1. 7-Acylaminocephalosporanic acid derivatives of the 
formula! 



wherein R is amino or protected amino, 

2 

R is carboxy (lower) alkyl, protected carboxy - 



(lower) alkyl , carboxy (lower) alkenyl, 
protected carboxy (lower) alkenyl, 
or lower unsaturated aliphatic 
hydrocarbon, 
R is hydrogen, halogen, methyl, lower alkoxy, 
lower alkyl thiomethyl, lower 
alkanoyloxymethyl or a heterocyclic- 
thiomethyl which may have suitable 
substituent(s) , 

4 

R is carboxy or protected carboxy, 
R* is hydrogen or lower alkyl, and 
X is halogen, 



provided that when R is lower alkanoyloxymethyl, 
2 

then R is lower unsaturated aliphatic hydrocarbon, 
and pharmaceutically acceptable salts thereof. 

2. The compound of claim 1, wherein 



R is amino or acylamino, 

2 

R is carboxy (lower) alkyl, esterified 

carboxy (lower) alkyl, carboxy (lower) - . 
alkenyl, esterified caTboxy (lower )- 
alkenyl, lower alkenyl, cyclo (lower) - 
alkenyl 0 r lower alkynyl, 





C-CONH 
II 




(I) 



2 R 
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R is hydrogen, halogen, methyl, lower alkoxy, 
lower alkyl thiome thy 1, lower alkanoyloxy- 
methyl, unsaturated 3 to 8-membered 
heteromonocyclicthiomethyl containing 
1 to 4 nitrogen atom(s) , and unsaturated 
3 to 8-membered heteromonocyclic- 
thiomethyl containing 1 to 2 sulfur 
atom(s) and 1 to 3 nitrogen atom(s) , 
the latter two of which may have 1 or 2 
substituent(s) selected from the group 
consisting of lower alkyl and 
carboxy (lower) alkyl , 
R 4 is carboxy or esterified carboxy, 
provided that when R 3 is lower alkanoyloxymethyl , 
then R 2 is lower alkenyl, cyclo (lower) alkenyl or 
lower alkynyl. 



3. Syn isomer of the compound of claim 2. 

4. The compound of claim 3, wherein 

R 1 is amino, 

R 3 is hydrogen, 

R S is hydrogen, 
2 

R is carboxy (lower) alkyl, lower alkoxy- 

carbonyl (lower) alkyl , carboxy (lower) - 
alkenyl, lower alkoxycarbonyl (lower) - 
alkenyl, lower alkenyl or lower alkynyl, 
and 

4 

R is carboxy. 

5. The compound of claim 4, which is 

7- [2-(2-amino-5-chlorothiazol-4-yl)-2-(3-carboxy- 
2 -propenyloxyimino) ace t amido ] - 3 - cephem- 4 - 
carboxylic acid (syn isomer) . 
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6. The compound of claim 4, which is 
7-[2-(2-aaino-5-chlorothiazol-4-yl)-2-carboxy- 
m ethoxyiminoacetamido]-3-cephem-4-carboxylic acid (syn 

isomer) . 

7. The compound of calim 4, which is 

7- [2- (2-amino-S-chlorothiazol-4-yl) -2- (1- 
carboxyethoxyimino) acetamido] -3-cephem-4-carboxylic 
acid (syn isomer) . 

8. The compound, of claim 4, which is 
7-[2-(2-amino-5-chlorothia2ol-4-yl)-2-allyloxyimino- 

acetamido]-3-cephem-4-carboxylic acid (syn isomer). 

9. The compound of claim 4, which is 
7-[2-(2-amino-5-chlorothiazol-4-yl)-2-propargyloxy- 

iminoacetamido] -3-cephem-4-carboxylic acid (syn 
isomer) . 

10. The compound of claim 3, wherein 
is amino, 

R 3 is halogen, methyl, lower alkoxy or 

lower alkylthiomethyl, 
R 5 is hydrogen, 

R 2 is carboxy (lower) alkyl ot lower 

alkoxycarbonyl (lower) alkyl, and 
R 4 is carboxy. 

11. The compound of claim 10, which is 

7- [2- (2-amino-S-chlorothiazol-4-yl) -2 -carboxy - 
me thoxy iminoace tamido ] - 3- chloro - 3 - cephem- 4 - 
carboxylic acid (syn isomer). 

12. The compound of claim 10, which is 

7- [2- (2-amino-5-chlorothiazol-4-yl) -2- 
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carboxyme thoxy iminoace tamido ] - 3 -me thy 1 - 3 - cephem- 4 - 
carboxylic acid (syn isomer) . 

13. The compound of claim 10, which is 

7- [2- (2-amino-5-chlorothiazol-4-yl) -2-carboxy- 
me thoxy iminoace tamido ] - 3 -me thoxy - 3 - cephem- 4 - 
carboxylic acid (syn isomer) . 

14. The compound of claim 10, which is 

7- [2- (2-amino-5-chlorothiazol-4-yl) -2- 
carboxymethoxyiminoace tamido J- 3-me thy lthiome thy 1- 3- 
cephem- 4 -carboxylic acid (syn isomer) . 

15. The compound of claim 3, wherein 

R 1 is amino, 

is lower alkanoyloxymethyl, 

R S is hydrogen, • 
2 

R is lower alkynyl, and 
4 

R is carboxy. 

16. The compound of claim 15, which is 

7- [2-(2-amino-5-chlorothiazol-4-yl)-2-propargyloxy- 
iminoace tamido ] cephalosporanic acid (syn isomer). 

17. The compound of claim 3, wherein 

r»l • 

R is amino, 
3 

R is hydrogen, 
R 5 is lower alkyl, 

R 2 is carboxy (lower) alkyl or lower alkoxy- 
carbonyl (lower) alkyl, and 

4 

R is carboxy. 

18. The compound of claim 17, which is 

7- [2- (2-amino-S-chlorothiazol-4-yl) -2 -carboxyme thoxy - 
iminoace tamido] -2-methyl-3-cephem-4-carboxylic acid 
(syn isomer) . 
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19. The compound of claim 3, wherein 

R is ammo, 

R 3 is thiadiazolylthiomethyl or thiadiazolyl- 

thiomethyl having lower alkyl, 
R 5 is hydrogen, 

R 2 is carboxy (lower) alkyl, lower alkoxycarbonyl- 
(lower) alkyl , carboxy (lower) alkenyl , 
lower alkoxycarbonyl (lower) alkenyl, lower 
alkenyl, cyclo (lower) alkenyl or lower 
alkynyl, and 

R 4 is carboxy. 

20. The compound of claim 19, which is 
7-[2-(2-amino-5-chlorothiazol-4-yl)-2-(3-carboxy-2- 
propenyloxyimino) acetamido] -3-(l,3,4- thiadiazol - 2 - 
yl)thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

21. The compound of claim 19, which is 
7-[2-(2-amino-S-chlorothiazol-4-yl)-2-propargyloxy- 
iminoacetamido - 3 - (1 , 3 , 4 - thiadiazol - 2 -yl) thiome thyl - 
3-cephem-4-carboxylic acid (syn isomer) . 

22. The compound of claim 19, which is 
7-[2-(2-amino-5-chlorothiazol-4-yl)-2-carboxy- 
methoxyiminoace tamido ]-3-(l,3,4- thiadiaz ol - 2 -yl) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

23. The compound of claim 19, which is 
7-[2-(2-amino-5-chlorothiazol-4-yl)-2-allyloxyimino- 
acetamido] -3- (1,3, 4-thiadiazol-2-yl) thiome thyl-3- 
cephem-4-carboxylic acid (syn isomer). 

24. The compound of claim 19, which is 
7-[2-(2-amino-5-chlorothiazol-4-yl)-2-(2-cyclopenten- 
1 -yl) oxyiminoacetamido] - 3 - (1 , 3 , 4 - thiadiazol - 2 -yl) - 
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thiomethyl-3-cephem-4-carboxylic acid (syn isomer) . 

25. The compound of claim 19, which is 

7 - [ 2 - (2-amino - 5 -chlorothiazol -4 -yl) - 2 -propargyloxy- 
iminoacetamido] -3-(5-methyl-l,3,4-thiadiazol-2-yl)- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

26. The compound of claim 3, wherein 

R 1 is amino, 

R 3 is thiazolylthiomethyl having lower alkyl 

and carboxy (lower) alkyL, 
R 5 is hydrogen, 

R 2 is lower alkenyl or lower alkynyl, and 
R 4 is carboxy. 

27. The compound of claim 26, which is 

7- [2-(2-amino-5-chlorothiazol-4-yl) -2-propargyl- 
oxyiminoacetamido] -3-(5-carboxymethyl-4-methyl- 
thia z o 1 - 2 -y 1 ) thiomethyl - 3 - c ephem- 4 - carboxy 1 i c 
acid (syn isomer) . 

28. The compound of claim 26, which is 

7- [2- (2-amino- 5 -chlorothiazol -4-yl) -2-allyloxyimino- 
acetamido ] - 3 - ( 5 -carboxymethyl - 4 -methyl thiazo 1 - 2 - y 1 ) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

29. The compound of claim 3, wherein 

R 1 is amino, 

R 3 is tetrazolylthiomethyl having lower alkyl 
or tetrazolylthiomethyl having 
carboxy (lower) alkyl , 

R* is hydrogen, 

R is lower alkenyl or lower alkynyl, and 
R* is carboxy. 
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30. The compound of claim 29, which is 

7. [2 .(2-amino-5-chlorothiazol-4-yl)-2-allyloxyimino- 

acetamido]-3-(l-methyl-lH-tetrazol-5-yl)thiomethyl- 
3-cephem-4-carboxylic acid (syn isomer). 

31 The compound of claim 29, which is 
7-[2-allyloxyimino-2-(2-amino-5-chlorothiazol-4- 

yl)acetamido]-3-(l-carboxymethyl-lH-tetrazol-S-yD- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

32 The compound of claim 29, which is 

" 7- t 2-(2-amino-5-chlorothiazol-4-yl)-2-propargyloxy- 

iminoacetamido]-3-(l-methyl-lH-tetrazol-S-yl)- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer) . 

33. A process for preparing 7-acylaminocephalosporauic 
acid derivatives of the formula: 

_'l C-CONH-r-f 5 ^ 5 m 



S * »' 

V N 0 



> „2 R 4 
0-R 



wherein R 1 is amino or protected amino, 

R 2 is carboxy (lower) alkyl, protected carboxy- 
(lower) alkyl , carboxy (lower) alkenyl , 
protected carboxy (lower) alkenyl, 
or lower unsaturated aliphatic 
hydrocarbon, 

R 3 is hydrogen, halogen, methyl, lower alkoxy, 
lower alkyl thiomethyl, loweT alkanoyloxy- 
methyl or a heterocyclicthiomethyl which 
may have suitable substituent(s) , 

R 4 is carboxy ot protected carboxy, 

R 5 is hydTogen or lower alkyl, and 

X is halogen, 
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provided that when R is lower alkanoyloxymethyl , 
then R 2 is lower unsaturated aliphatic hydrocarbon, 
or a pharmaceutical^ acceptable salt thereof, 
which comprises, 



wherein R t R and R are each as defined above, 
or its reactive derivative at the amino group or a 
salt thereof, with a compound of the formula: 



wherein R , R and X are each as defined above, 

or its reactive derivative at the carboxy group or a 

salt thereof, to give a compound of the formula: 



wherein R , R , R , R , R and X are each as 

defined above, 
or a salt thereof, 
or 

r 

ii) subjecting a compound of the formula! 



i) reacting a compound of the formula: 






* 4-R 2 



C-CONH 



ii 
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wherein R 2 , R 3 , R 4 . R 5 and x aTe each as d . ef ined above, 

R* is protected amino, 
or a salt thereof, to removal reaction of the amino- 
protective group in R*, to give a compound of the 
formula: 

.5 



2 S \ ? 2 N R 

0-R* \ 



wherein R 2 f R 3 , R 4 , R S and X are each as defined above, 

or a salt thereof, 

or 

iii) subjecting a compound of the formula: 

wherein R 1 , R 3 , R 4 , R S and X are each as defined above, 

R* is protected carboxy (lower) alkyl or protected 



carboxy (lower) alkenyl , 
or a salt thereof, to removal reaction of the carboxy - 
protective group in R 2 , to give a compound of the 
formula: 

.5 



0-R, «4 



R* 



wherein R 1 , R 3 , R 4 , R 5 and X are each as defined above, 
R* is carboxy (lower) alkyl or carboxy ( lower) - 
alkenyl , 
or a salt thereof, 
or 



iv) subjecting a compound of the formula: 
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X 



wherein R A , R*, R J , R J and X are each as defined 
above , 

4 

R is protected carboxy, 
a 

or a salt thereof, to removal reaction of the 

4 

carboxy-protective group in R a , to give a compound 
of the formula: 

X 

wherein R , R , R , R and X are each as defined 

above , 
or a salt thereof. 





34. A compound of the formula: 




wherein R is amino or protected amino , 
2 

R is carboxy (lower) alkenyl, protected 
carboxy (lower) alkenyl, or lower 
unsaturated aliphatic hydrocarbon, 

X is halogen, and 

Y is carboxy or protected carboxy, 
or a salt thereof. 
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35. A process for preparing a compound of the formula! 




wherein R is amino or protected amino, 

R 2 is carboxy (lower) alkenyl, protected 
carboxy (lower) alkenyl, or 
lower unsaturated aliphatic hydrocarbon, 
X is halogen, and 
Y is carboxy or protected carboxy, 
or a salt thereof, which comprises 

i) reacting a compound of the formula! 




wherein R , R and Y are each as defined above, 
or a salt thereof, with a halogenating agent, 
or 



ii) reacting a compound of the formula: 

0 

R J 



wherein R 1 , X and Y are each as defined above, 
or a salt thereof with a compound of the formula: 

H 2 NO-R 2 

2 

wherein R is as defined above, 
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ot a salt thereof, or 



iii) subjecting a compound of the formula: 

X S 2 

whereiii R 2 , X and Y are each as defined above, 

R* is lover alkanoylamino, 
or a salt thereof, to^ the acyl exchange reaction 
to give a compound of the formula: 




wherein R , X and Y are each as defined above, 

R 1 is trihalo (lower) alkanoylamino. 
c 

36) A pharmaceutical composition comprising a compound 
of claim 1 or a pharmaceutical^ acceptable salt 
thereof in association with a pharmaceutical^ 
acceptable, substantially non-toxic carrier or 
excipient. 

37) A method for producing a pharmaceutical composition 
which comprises mixing a compound of claim 1 or a 
pharmaceutic ally acceptable salt thereof as an 
active ingredient with an inert carrier. 
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